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Block diagram of the Suplee Paleozoic Series 

The structure of the series is anticlinal as shown by the CO88 

section through the central part of the block, 

Lithologically the series consists of limestones, cherts, grits 

and conglomerates with intrusive bodies of an intermediate 

composition. 

The topography is very expressive of the structure and lithology, 

and variations in structure and lithology are always accompanied 

by corresponding variations in topography. The limestones, igneous 

material and cherts stand out as ridges, while the valleys and 

lower areas are in the mechanical sediments. 

The streams are not superimposed oonsequents but rather conse- 

quents which have become entrenched along lines of structural 

weakness. 

The late Tertiary lavas of a basaltic and rhyolitic nature form 

an escarpment of semi-circular outline around the area, present- 

ing a marked topography unconformity with the Paleozoic. 
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INTRODUCTION 

A. Location and extent 

i 

The Suplee Paleozoic area occurs as a window in the Tertiary 

lavas near the headwaters of the Crooked River south of Suplee, 

Crook County, Oregon. The tributaries of that stxeai, Grindstone 

and Twelve Mile Creeks, head in the area and out directly across it. 

The area covers approximately sixty square miles Leir about twelve 

miles long aiid five miles wide at the widest part, and elongated ira 

a general north-south direction. It is included in T 17-le-19 s. 

and R 24-25 E mostly in R 25 E. 

That part of the topography which lies north of a line frm 

Wade Butte N.W. - S 24 T 18 S R 24 E to Iron Mountain S.E. S 23 

T 18 S R 25 E is included in the advance sheet of the Dayville 

Quadrangle which has been published by the United States Geological 

Survey after the field work for this thésis was completed. 

B. Previous geoloic work 

Previous geologic work relating to the Suples area may be 

found in any one of the following papers by Fackard,- Schenk,2 

i Packard, Earl L. Discoverì of the Baird liississippian Fauna in 
Central Oregon. Pan .1jn. Geol. Vol, 49, No. 4, 1928. A new 
section of Paleozoic and Mesozoic rocks of Central Oregon. Amer. 
Jour, Sci, Vol. 15, 1928. . contribution to the Paleozoic 
Geology of Central Oregon. Cam. Inst. Wash. Paleo. Pub. 
o. 418, 1932. 

2 Schenk, Edward T. The stratigrahy and paleontology of the 
Triassic of the Suplee region of Central Oregon. Master's 
thesis, U. of 0. 1931 
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Gonzales,3 or Lupher4. A ropetition of this will not be made here. 

C. Paleontology and correlation 

The paleontology of this $uplee area has been studied in part 

by B.P. Gonzales and the results of this work are recorded in his 

thesis. i-lis works shov; that the organisms are related to European 

and Asiatic faunas and that they lived in an ann of a sea which 

extended from what is now Western Europe through northern Europe and 

Asia, and Alaska southward into California. Faunas similar to the 

Suplee formation are found in the Baird formation of Northern Calif- 

ornia and in southeastern Alaska. The fauna is assigned to the 

Visean division of the Dinantian or lower Carboniferous. 

"The faunal study is primarily concerned with the brachiopode 

since that group is most abundantly represented in the Íuna and 

since literature pertaining to contemporaneous Euoasiatic Urachio-. 

pods w&s available. These Oregon bede have yielded a large and 

varied fauna much of which is as yet unstudied representing Forain- 

iraifera, Anthrozoa, Crinoidea, Milluscoidea, and Mollusca. Only a 

few characteristic frorns among these other groups are herein 

described. 

"The brachiopods constitute a large portion of the Suplee 

fauna and productida probably represent 75% of that group. Such a 

high percentage of those forms is indicative of Lower Carboniferous 

throughout the world. Next in abundance are the corals which will 

3 Gonzales. A contribution to the Paleontology of the Paleozoic 
faunas of Central Oregon. Master's thesis, U. of O., 1933. 
Lupher, R.L. Stratigraphy and correlation of the Marine 
Jurassic deposits of Central Oregon. Doctorate thesis, Cal. 
Inst. Tech., 1930. 
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irc1ude at least ten species when studied in detail. In place8 they 

constitixte large rnasseß composed almost exclusively of the genus 

Lithostrotion. Although nuxnberous specimens of round crinoid stems 

have been collected, heads have not been found. The bryzoans con- 

sist largely of the encrusting types such as Polypora, but they no 

where riake up any considerable body of the limestone. Only a few 

clams, ari occasional snail and a few cephalopods have been recog- 

nized. Foraminifera have been found in Paleozoic limestone s in the 

overlying basal Triassic, but these have not been discovered in place 

by the writer and are not considered in this report. 

"TILlS fauna contains a large percentage of brachiopods that 

have been described from the Paleozoic of Northern Europe and from 

many places in Asia. These Euroasiatic species include such well 

knovn forms as: IDiotyoclostus semireticulatus (Martin), D. flemiri 

( Sowberby), . inflatus (Tschernyschew), Echinoconohus eleans 
( 1I'Coy), Buxtonia scabricula (Martin), Juresania iuresanensis 

(Tschernyschew), Striatifera striata (Fiser ), S. undata (Defrance), 

Gigantella giganteus (Martin), var. Oregonensis, n. sp. Gigantella 

maxima (M'Coy), Linoproductua cora ('Orbigny), Eomarginhfera vise- 

eniana (Chao), Productus sp., Linula ytiloides, (Sowerby), Derb 

regularis (Waagen), Spirifer striatus (Martin), Athyria lamellosa 

(L'Eveille), Dilesna sp., Schizophoria sp., Chonetina sp., Litho- 

strotion sp., and Polupora. any of these forms have never before 

been recognized in North america. The list includes several of the 

characteristic species of the wide spread Productus giganteus fauna. 

"The species hoductus giganteus (Martin), (now referred to as 
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Gigantella) for whioh the fauna is named in represented at Suplee by 

a form which is subspecifically separable from the typioi1 form and 

is herin described as the varietyoreonensis. This large produotid 

occurs ji ot numbers in the Sup].ee area making up large limestone 

outcrops, soins of which are 75 feet long and 15 feet wide. The 

shells are piled upon one another in such large numbers that it is 

almost impossible to obtain a complete specimen. A reconstructed 

shell gives an inkling as to the size of this enormous brachiopod. 

It has t height of 140 mm., and a width of 240 mm. The large nwnber 

of shells show that this species must have been very prolific in the 

seas. They are found in four large outcrops in the area and on both 

sides of the anticline equidistant from the anticlinal axis. 

"Gigantella maxima (M'coy) another diagnostic species of the 

Produotus giganteus zone, is very close to the type Gigantella igam 

teus and is found in two localities in the area with the variety 

oreonensis. M'Coy in writin the original description of this 

species says they are frequently one foot in width, but the Oregon 

shells do not exceed seven inches. 

"Striatif era striata (Fisher) is the most abundant brachiopod 

found in this area and it is very widely distributed throughout all 

the localities. It is one of the type fossils of the Visean of 

Europe and Asia snd one of the forms which is nearly always found in 

the Productus giganteus horizon. In the localities whore these 

fossils are found they are very abundant but very fragmentary, so 

that the complete specimens are quite rare. 

"Striatifemundata (Defrance) is cnmon in the Visean rocks 

of Europe and Asia, it is a very good horizon marker, but not quite 
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as common as Striatifera striata, 

ttDiotyoclostus 8eniretiCU1tU8 (Martin), Buxtonia soabrioula, 

(Martin), Unoproduotua cora (D'Orbigny), and Juresonia juresanensis 

( Tschernyschew) are all long rance specimens ranging from the Lower 

Carboniferou8 to the Permian, and consequently not of much value for 

the determination of stratifraphic zones, but they are of a major 

significance in inter-regional correlation, 

"The absence of the species (Eochnoconochus punotatus (Martin) 

in this area seems quite extraordinary as it is very common in all 

the Visean beds of Europe and Asia. It has been set up as the gofo- 

type for the new genus Echinoconchus and two species of this genus 

are found in the Oregon collections. They both have many of the 

characteristics of E. punctatus and are undoubtedly derived from 

that stock. 

"The species Echinoconchue elegans (M'Coy) has been found 

widely distributed in Europe and Asia and survives even to the Upper- 

most Carboniferous, It was first described in the Mountain Lime- 

stones of England and is one of the characteristic fossils of those 

beds. This specie occurs in abundance in two Suplee localities. 

HNew species aro relatively few in this area. Since certain 

foreign literature was not obtainable, it is more than possible that 

many of the forms which are classed in this paper as near to 

American species may have been described by foreign authors, but it 

is certain that they have not teen reprinted heretofore in North 

America. 

"The presence of the coral Lithostrotion, which appears to 

have close affinities with L. irregulare (Phillips) of the European 
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Visean seems to indicate that the remainder of the corals of the ar 

will undoubtedly show many more European and Asiatic forms."1 

Gonzales, B.N. A contribution to the Paleontology of the 
Paleozoic faunas of Central Oregon. Master's thesis, U. of O., 
1933 
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II PHYSIOGRAPHY 

A. Topograjljy 

In general the topography of the Paleozoic area 18 in the late 

mature stage. The slopes are gently rounded except where a more re- 

sistant stratum outcrops and preserves the ruggedness of youth. 

The limestone hills have a gently rolling subdued expression 

which is enhanced by the general absence of sagebrush or juniper and 

the presence of a short grass which in smer becomes brown, adding 

to the hills a soft velvety appearance. The hills composed of 

mechanical sediments present a more rugged appearance due to the 

occasional angular outcrops which protrie through the surface. 

The relief of this region is decidedly misleading since the 

hills are both higher arid steeper than they appear unless one is 

accustomed to making judgments of relief in regions whore vegetation 

is sparce. 

Limestone ridges showing nature topography 



Two possible explanations for 

the development of the physiographic 

features at ade Butte, figure C be- 

ing the present stage. 





The higher portions of the area are always composed of lime- 

stone or chert, the valleys being carved in the mechanical sedi- 

rnents. This condition is apparently the direct result of the type 

of climate, which is typically continental. The lack of moisture 

results in a retardation in the disintegration and decomposition of 

a homogeneous and soluble material such as the liinestones, and the 

extremes in temperature both seasonal and daily hasten the break- 

dovm of the non-homogeneous mechanical sediments, composed of 

materials having different co-efficiente of expansion, while not 

appreciably affecting the homogeneous limestones. 

Sagebrush does not thrive on the soils derived from the lime- 

stones. ThI& may be due to the fact that the soil mantle on the 

limestone is thin, since the process of creep, greatly accelerated 

by the extremes in temperature, carries most of the soil into the 

valleys. However, the sagebrush grows abundantly in the valleys 

and on the soils derived from the mechanical sediments. Thus 

contacts between limestones and mechanical sediments can be 



approximated by the enparative adundance of trio sagebru5h. 

According to Fenneman' the region is included in the Harney 

Section of the Columbia Plateaus--w.ich he describes as a young 

lava plateau, having features of recent vulcanism witn ineffective 

drainage, The Paleozoic occurs as a window in these lavas eince it 
is bordered on the south, west, and northwest sides by Tertiary 

lavas of a rhyolitic and basaltic nature which form as a result of 

subsequent erosion an escarpment of snicircular outline. At the 

time these lavas were poured out over the area they either abutted 

directly against the sides of the Paleozoic land mass or covered it 
over entirely. Conclusive evidence of either possibility has yet to 

be found but evidence at hand will be presented later. 

This Tertiary escarpment is highest in the Central western part 

of the area at Wade Butte S 24, T 18 S, R 24 E and slopes gently 

from this point to the West, Nort1rest and to the Southwest. This 

higher portion at Wade Butte may have resulted from an uplift along 

and east-west axis, Fig. I A, or may have been nearer the source of 

the lavas, the slopes northwest, west and southwest fran 'lade Butte 

representing dip slopes of a lava feder, see Fig. I B and C. The 

presence of an east-west divide east of Ylade Butte tenninting at 

Iron Mountain, S.E. - S 23, T 18 S, R 25 E, the highest point in the 

area, lends plausibility to the first theory, while the absence of 

evidence for a lava covering over the entire area may nullify the 

second theory. 

The whole Paleozoic area is cut off on the east by a large 

1 Fenneman, N.M. Physiographic divisions of the U.S. Annals of 
Ass'n of Amer. Geographers. Vol. XVII, No. 4, Dec., 1928. 



'o 

north-south trending valley. This valley is carved across the 

strike of Mesozoic sediments, which are folded to form an anticline 

striking approximately east and west.' The west side of this valley 

is an escarpment composed of cherts and chorty limestone which pess 

as a wide band entirely through the eastern part of the Paleozoic 

area from north to south. 

This valley may be due to the erosion along the contact of the 

Mesozoic sediments and the cherts and cherty limestone, the softer 

Mesozoic sediexits being cut away leaving the cherts as an escarp- 

ment, or it may be due to faulting. Some detailed vrk over the area 

is necessary to bring more field evidence to bear upon the question 

before it can be dfinitely settled. However, the following evi- 

denoe points to faulting: 

1. Erosion of the valley across the strike of the Mesozoic 

strata. 

2. Abrupt termination of the Mesozoic strata alone the 

strike, where it abutta against the Paleozoic. 

3. Faceted spurs in linear arrangement. 

Number 1 could be easily explained by superimposition of Ter- 

tiary drainage pattern. However, xìumber 2 would be difficultly ex- 

plained by any other method except fa;lting. Number 3 may apply to 

any escarpment whether due to faulting, the slope of steeply dipping 

strata, or the upturned and eroded edge of strata. The Paleozoic 

strata on the escarpment are dipping steeply to the east and if the 

sediments were eroded away to the east these strata would be left 

forming an escarpment along their strike upon which facets vuld 

Personal communication from Dr. Ralph Lupher 
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tend to develop. Nuinters 1 and 3 then my be considered only as 

corroborative evithnoe of number 2. 

B. Physio&rahic subsections 

Roughly the area may be divided into three distinct physio- 

graphic subsections, the topography of each being directly dependent 

upon and resulting from the structure and lithology of each particu- 

lar subsection. 

As mentioned above the climatic conditions vis., (1) Great 

extremes in temperature roth seasonal and daily. The seasonal 

change is from 110 degrees F. or above in summer to 40 degrees be- 

low zero in winter, or approximately 150 degrees F. range. The 

daily change in summer is from 110 degrees above zero F. to 35 de- 

groes above zero F. or approximately 75 degrees range. (2) The 

absence of precipitation over long periods bring about rapid diinte- 

gration of the mechanical sediments while not affecting the lime- 

stones to such a great extent, consequently the limestones are 

characteristically the higher points throughout the srea. This 

statement must be modified to cover the case of the cherts which are 

very resistant and are found as the highest points in the area, e.g. 

Iron Mountain. The mechanical sediments occur in the valleys and 

lower portions. 

1. Northern Section 

The northern section consisting of that part of the 

area vthioh lies north of North Fork of Trout Creek is character- 

ized by massive limestones and wide chert bands interbedded in the 

limestones. The result is nssive hills the dissection of dìich is 
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subordinated by the size of the hills. The dissection is noted as 

small depressions on a massive background, which is characteristic 

dissection of massive formations. 

The main valleys in this region are deep and the sides steep, 

having a youthful aspect; however, they do not cut a great distance 

headward into the limestone mass but aro confined near the base, 

the gradient of the valley floor being acutely concave. 

The limestones and the cherts blend together and their contacts 

ordinarily are not apparent from the topography since little 

differential erosion occurs, Occasionally, however, a chert lens 

stands up above the limestone resembling a dike. 

Structurally the northern section consists mainly of the 

eastern flank of the anticline, only a small portion of the western 

flank being exposed on the western margin of the section. 

2. Central Section 
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The central section consists of the area between 

North Fork of Trout Creek on the north and Grindstone Creek on the 

south. 

This central section may be further divided into an eastern 

and western section, the dividing line being the crest of the anti- 

dine, since lirnestones predominate on the eastern flank and 

mechanical sediments predoniinate on the western flank. 

The center of the antioline has been eroded arI the valley 

formed is broad and has gently sloping sides. The irtersection of 

the valley of Grindstone Creek with this valley forms a large oval 

shaped bowl. 

The central section is dominated by the dissection in both 

eastern and western parts. 

In the eastern part differential erosion of alternating beds of 

limestone and mechanical sediments has resulted in a series of 

north-south trending ridges, formed of the more resistant limestones, 

the valleys between the divides having been eroded in the less 

resïstant mechanical sediments. 

An east-west divide passes through the central section and the 

ridges north and south of this divide are parallel to the strike of 

the steeply dipping beds which is approximately north-south in this 

section. The north-south ridges of the eastern part have a steep 

west slope and a gentler east slope indicating an eastward dip of 

the strata, 

Iron Mountain, a rather sharp peak composed of chert and the 

highest point in the entire area, is on the eastern border of the 

central section, A short distance southeast of Iron Mountain is 
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Mills Butte, an igneous mass probably a d:i'e, surpassed in altitude 

only by Iron Mountain. 

The western portion of this region consists of low rounded hills, 

the relief is less and the general elevation is less than that of the 

eastern portion. Strike ridges are not common, but occasionally a 

rugged ridge of grit outcrops forming a small escarpment which may 

be traced along its strike with little difficulty. A notable example 

of this is the ridge a short distance vieot of Mill's Sheep Corral. 

3. Southern Section 

The southern section includes all the crea from Grind- 

stone Creek south to the Tertiary lava rim. 

Limestone predominates in this section with the exception of a 

small area iii the eastern part, between Grindstone and Twelve Mile 

Creeks, which is composed of mechanical sediments, mainly grits. 

Tucker and hucher u tes are the outstanding features of this 

southern section. 

Tucker Buttes, S 17-18, T 19 S, R 25 E, are a series of buttes 

evidently derived by the dissection of a southwest striking escarp- 

ment resulting from erosion of limestone strate. dipping steeply to 

the southeast. 

Bucher Buttes, S 14-23, T 19 S, R 24 E, consist of a series of 

three buttes in an approxiittely north-south line. South Bucher 

Butte is a continuation of the same limestone stratum which forms 

Tucker Buttes, and is a prt of the nose of the plunging anticline. 

Central Bucher Butte, which will be referred to hereafter as 

Bucher Butte and is thus differentiated fran the others which will be 

designated North Bucher Butte and South hucher Lutte, is the highest 



Diagram iLlustrating the develop- 

ment of the physiographic features in the 

vicinity of Tucker and l3ucher Buttes. C 

represents the present stage. 
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of the buttes. It may be part of the western limb of the anticline 

or part of the vertical strata in the center, its exact relationship 

to the structure is difficult to determine since it is massive and 

shows no dips. 

Triangulation Point 5, S 6, T 19 5, R 25 E, loccted on Grind- 

stone Creek on the western edge of the section may be on a part of 

this limestone mass. 

These Buttes were probably originally connected forming a con- 

tinuous limestone ridge of considerable heiht similor to Tucker 

Buttes but higher, that have since been separated by intermittant 

streams working mostly toward the west. The lava rim is dissected 

at these places showing that the same processes which dissected the 

limestone ridge forming J3ucher Buttes also cut a channel through the 

lavas. 

The southeast side of the nose of the antioline between Tucker 

Buttes and South Eucher Butte must have been breached before the out- 

pourings of the Tertiary lavas since some of the hills of lower 

elevation between the Buttes are capped by Tertiary lavas, which seem 

to have flowed in upon the Paleozoic frc*n the south probably by way 

of drainage channels. This together with the fact that the lavas 

sho no tendency to rise abruptly over the limestones from their 

position at the b&st of the buttes seems to indicate that the area 

was not entirely covered over by the Tertiary lavas, but that the 

lavas advanced over the area only where it was of lower elevation, 

i.e., up drainage channels. Fig. 2, A. B. and C. 

In the estern part of this section there is also a wide series 

of mechanical sediments, which have been eroded below the general 



level of the limestones. 
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Ridges which trend in an east-west direc- 

jointing system in this direction are 

series of joints may be the cause of the 

the stril<e of the beds in8tead of superim- 

e of brown chert which slants up quite 

prominently and is possibly a continuation of the cherts found 

associated with the limestones in the northern parts of the area, a 

series of mechanical sediments lying between the chrt and limestone 

formation farther to the viest have been eroded out to form a valley 

which has been cut by headward erosion almost through the south- 

eastern portion of the nose of the anticline. 

C. Drainage 

The master streams of the area are the two east-west streams, 

Twelve Mile Creek and Grindstone Creek, separating the southern part 

of the area from the central part and the two northwest-southeast 

trending streams,Yíhite Butte Creek (U.S.G.S. calls this creek South 

Fork of Trout Creek), and North Fork of Trout Creek, separating the 

northern section from the central section. 

These master streams cut directly across the strike of the strata, 

amI have cut canyons in the Tertiary rim. Intermittant streams, 

the direction of which is governed by the strike of the strata are 

found between these master streams, thus forming a trellis drainage 

pattern. 

The master streams cut entirely across the anticline and head ia 

the eastern margin of the area. 
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The problem of these east-west trending streams which cut 

entirely across the area and across the strike of the beds may be 

resolved into five possibilities: 

1. Superimposition by Tertiary lava8. 

2. Superimposition by Mesozoic strata. 

3. Consequent drainage down the flanks of the antiche. 

4. Superimposed by faulting. 

5. Jointing. 

1. Superimposition by Tertiary lavas. 

If these streams were superimposed by Tertiary lavas, 

evidence of a lava covering over the area is essential. Only two 

Tertiary remnants have been left which mark lava inroads upon the 

Paleozoic, one in the northern section between White Butte Creek 

and North Fork Trout Creek. This remnant is on the western side 

very close to the Tertiary rim and therefore does not represent an 

extensive advance by the lavas. The other remnant is in the southern 

p rt of the area and extends from the Tertiary rim to the south side 

of Twelve Mile Creek between Tucker Buttes and Bucher Buttes. 

Since these remnants are of lower elevation than the surround- 

ing Paleozoic hills it seems improbable that these remnants can be 

used as evidence for other than purely local advances of the lava, 

perhaps up some pre-Tertiary drainage channel. 

As further evidence that the lavas did not cover the entire 

area: the valleys of the master streams are flat bottomed, and have 

well defined meanders which are beginning to entrench. 

Such a condition may have been caused by temporary base level- 

ing. The more resistant lavas, which lapped upon the edges of the 



Paleozoic mass forming the obstruction through which the strerns 

must cut before they could erode deeper into the Paleozoic. 

2. Superimposed by Mesozoic strata. 

'thether or not this area of Paleozoic rocks was covered 

over by Mesozoic strata is yet a problem. Lesozoic strata are 

found on two sides of the area and some is apparently structurally 

conformable with the Paleozoic. However, the pro-Tertiary forma- 

tion had been deformed and extensively eroded before the advent of 

the Tertiary lavas since a well defined ncrn-conformity exist8 be- 

tween them. Since these pro-Tertiary formations were apparently 

deformed as a unit and the structural features of the same in both 

ÌLesozoic and Paleozoic, the problem of superimposition by Mesozoic 

strata is annulled and becomes a problem of correlating the stream 

pattern with lines of structural weaiess. 

. Consequent drainage down the flanks of ananticline. 
The line of most rapid descent of vi ter from an antic line 

is natural down the sides. '1'hese four streams which cut entirely 
across the structure may have originally developed down the flanks 

of the anticline. The linear character of the streami, however, is 
strong evidence against this possildLity, since such a stream work- 

ing its way by headward erosion would be led to stray from side to 

side by v.'oaker strata. That is, in a region of alternating hard and 

soft strata, if the stream cut through a resistant limestone stratum 

into a less resitant stratum, it would tend to work its way along 

the strike of the less resistant stratum rathern than cut through 

another limestone stratum beyond. However, when an anticline is 
formed the top stratum would offer no such conditions as alternating 





hard and soft strata. The stratii would be homogeneous or at 1e.st 

homogeneous over fairly wide areas. Fig. 3 A and B. The streams work- 

ing under these conditions would erode most rapidly where the gradient 

was greatest and thus cut to the crest of the anticline. The center 

of the anticline would then be eroded. Continued erosion might re- 

cult in the capture of streams down the east flank, Fig. 4 B, by thoee 

on the west, however, there is no field evidence to date which would 

support such an assumption, and the linear character of the present 

streasn8 could result only if the streams cutting on opposite sides of 

the anticline were to exactly coincide, a situation which is highly 

improbable. Other evidence against such a possibility would be the 

necessary assumption that the Paleozoic lay practically uneroded until 

the folding whïch may have occurred as lote as at the close of the 

Triassic. 

4. Superimposed by faulting 

The valley of Thite Butte Creek shows excellent physiograph- 

Ic evidence of faulting, vis.: 

1. Sjirs faceted and aligned 

2. Valley cuts across strike of strata. 
There is also sorne structural evidence as a large outcrop of 

chert near White Butte seems to have been displaced both vertically 

and horizontally, the displacement was not great, however, not over 

200 feet horizontally or 50 feet vertically. The Tertiary lava rims 

on the sides of White Butte Creek do not show evidence of vertical 

offset. More data must be discovered before horizontal movement can 

be proved or disproved. 

North Fork of Trout Creek shows the saine physiographic evidences 
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of faulting but no structural evidence has been noted. 

Since the above mentioned physiographic evidence for faulting 

is faïrly coirm-ton throught the area it may be well to evaluate it. 

Triangular facets may be produced by the truncated ends of 

vertical or near vertical strata in which alternating hard and soft 

layers we'ther to produce alternating ridges and valleys. If lizre- 

stone beds extending from a Frger mass were truncated facets on one 

side of a valley strongly resembling fault line facets would be de- 

veloped. The facets in this area have probably been produced in this 

way. 

e?t-e4'/ k- ¿'t1 

Tie straightness of the valleys are as readily explained as 

being developed along jointing planes. ThErefore, physiographic 

evidence of faulting which is unaccompanied by structural evidence 
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should be looked upon with su8icion. 

5. Superiiosition by joint 

Streams developing along lines of wealcneas due to jointing 

would tend to follow the trend of the jointing. 

When the stream pattern is superimposed upon a map showing the 

main system of jointing, the two streams in the northern part, White 

Butte Creek and Little Trout Creek coincide in direction to the joint- 

ing system which trends N 450 w The two streams in the southern 

part, Grindstone and Twelve Mile Creeks coincide with the east-west 

jointing system. 

¿s a result of this evidence it seems very probable that the 

master streams are controlled by the jointing and are consequent 

streams, whose courses have been determined by the lines of weakness. 

Pre-T rtiary faulting probably along a jointing plane may have played 

a part in the development of i'ihite Butte Creek. 

The tributaries of these master streams are without exception 

intermittant streams. They have developed aost at right angles 

to the master streams as a result of erosion of the mechanical sedi- 

ments interbedded in the limestones. The streams are cutting in 

mechanical sediments and the divides between the streams are lime- 

stone. Since these streams developed subsequent to the master streams 

and are controlled by the structure and stratigraphy they are 

classed as subsequent streams. 
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III STRUCTURE 

A. General 

The first referenoe to the structure of the Suplee Paleozolo 

was by Earl L. Packard in which he says, "The most extensive section 

novi known is obtainable across a well defined Paleozoic anticline 

trendin southwest from near Suplee."1 

Further field work substantiates this earlier observation since 

the Paleogoic is seen to occur as an elongated antioline approxi- 

mately 10 miles in length and with a maximum exposure of six miles in 

width. The whole struoure has been eroded and the only structural 

evidence of the anticline remaining is the opposing dips. 

The structure is covered on the south and west by Tertiary lavas 

and on the north by Triassic and Tertiary. In the oentral part of 

the area both limbs of the anticline are exposed where as in the 

northern section the exposures are predominantly of the eastern limb 

only a narrow strip of the western flank remaining uncovered by the 

lavas. Exposures of the eastern limb are also predominant in the 

southern section. 

B. Evidence for anticlinal structure 

That the structure of this series is anticlinal may be concluded 

from the following field evidence: 

1. Opposing dips in the Paleozoic strata 

2. Presence of younger (Mesozoic) strata on the flaxìks 

of the older (Paleozoic) 

3. Opposing dips in younger strata, determined to be 

1 Pack&rd, E.L. Paleozoic and Mesozoic rocks in Central Oregon. 
Amer. Jour. Sci. 1928, p. 
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younger by fauna i evidence. 

4. Faunal evidence within the formation. 

The dips and strikes have been determined or checked by the 

following methods: 

1. Alternation of strata of limestone and mechanical 

sediments elongated in a north-south direction or component of this 

direction indicate the direction of the strike. 

2. Strikes determined a long series of outcrops indicate 

the seme directions of strike. 

3. Bedding planes show direction of dip. 

4. Orientation of flattened boulders and pebbles in 

conglomerates. 

5. Orientation of organisms in which the asstption is 

made that an organ±m such as a brachiopod which has one elongated 

dimension, or a flat side will lie with its flat side parallel to 

the bedding rather 'stand on its head." 

6. Character of the topography with specific attention to 

slopes of divides. 

C. Folding 

The dips of the strata are high, ranging from 45 degrees to 

vertical and in generai the dips on the eastern flank are greater 

than those on the western, thus forming an asymetrical anticline, 

the average dip for the eastern limb is about 65 degrees while that 

of the western limb is about 45 degrees. 

The crest of the anticline appears to pass along an area of 

interdigilating limestones and mechanical sediments since the 
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western limb is dominantly grit in the northern and central part, 

with a few limestone lenses coming in as the axis of the anticline 

is approached, and also in the southern part, and the eastern limb 

is dominantly limestone with interbedded grits and conglomerates in 

the northern and central parts with grits increasing in abundance 

in the southern section. 

. . 
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The axis of the anticline shows evidence of deformation due to 

longitudinal thrusting from the north and south, the axis of warping 

are so spaced that they divide the anticline into three approxitely 



Diagram illustrating the relationship 

of the drainage to the jointing system. 
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equal sectors. The deformation is such that the crest of the anti- 

dine forms a symmetrical reverse curve. Fig. 4. 

Tucker Buttes and South Bucher Butte represent the eastwtrd 

dipping limb of the anticline in the southern section. The strike 

of South Bucher Butte is N 45° E with a dip of 81 degrees SE. The 

strike on Tucker Butte is N 500 E with a dip of 80-85 degrees SE. 

In the south east qu rter of S 5, T 19 S, R 25 E limestone is exposed 

which strikes N 5° E with a high angle of dip 80-85 degrees E. id- 

way between this crop and Tucker Buttes is a sim11 crop of limestone 

striking N 200 E and dipping 70 degrees SE. These crops bear evi- 

dence to a deforî,tion which changed the strike of the limestone 

from an approximately north-south direction to a northeast direction. 

The deformation is very conspicuous on the west flank in the 

vicinity of Mills' Sheep Corrals S 30, T 18 S, R 25 E. The strike 

on the series of thick grits changes abruptly from N 37° E to due 

north or north 100 1'(, 

The deformation in the northern section begins in the vicinity 

of White Butte. Evidence of the deformation is not so abundant 

since the formations are usually massive and the bedding planes 

obscure. However, the following field evidence indicates the abrupt 

change in the strike from north to N 4u-50° E. 

1. The general trend of the limestone crops. 

2. The direction of the subsequent drainage. 

3. On the north extremity of a north striking ridge east 

of White Butte the strike chaes to N 55° E striking 

to the SE of Point 28 and thus lining up with the 

limestone crops on the southeast slope of Point 28. 
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This strike continues with slight change until the entlohne 

passes beneath the Triassic southwest of Suplee. 

In the central section of the area the strike varies from N 100 

E to N loo W. The stike ridges forming prominent topographic features. 

i. Relationship to older formations 

No formations older than the one under consideration have been 

observed. Consequently the relationship between the underlying 

strata is as yet unknown. 

E. Relationship to younger formations 

In the northeastern margin of the area the Paleozoic is over- 

lain by a Triassic basal conglomerate1; the contact is apparently 

structurally conformable although a hiatus must occur between the 

two series. 

Farther south along the eastern border of the area Jurassic 

sediments occur folded into an.approxiinately east-west striking 

anticline and syncline. This series apparently strikes directly 

into the north-south striking Paleozoic strata. 

Under normal conditions the strata which is cut off by another 

is the older of the two, in this case, however, the younger of the 

two series is cut off by the older. This is an abnormal condition 

and has an explanation as presented above in faulting. The Jurassic 

sediments have apparently been faulted placing them in angular con- 

tact with the Paleozoic. 

No Triassic strata have been recogn.zed on the western margin 

1 Schenk, Stratigraphy and paleontology of the Triassic of the 
Suplee region of Central Oregon. asters thesis, U. or O. 1931. 
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the Paleozoic although sediments yielding Jurassic fossils have 

been discovered. These sediments are apparently structurally 

conformable with the Paleozoic grits although there is as yet some 

question as to the exact relationship. However, of the Paleozoic 

rocks in other parts of the state A.N. Winchell says, "The Paleo- 

zoic rocks are apparently structurally conf orriiable with both the 

older formations and the more recent, hut there seems to be a 

hiatus in deposition both before and after the period."1 

F. Jointing. 

A complex serios of joints is everywhere apparent thrghout 
the region. The lirnéstones in some parts being badly brecciated 

duo to the joints which strike in almost all points of the compasß. 

The relationship of these joints to the structural movements 

requires a more detailed study; however, a few general facts have 

been observed which nay liavo a direct bearing upon the physiogrephy 

and may have resulted from the main deformational stresses. 

The nere prominent or master joints are observed to be concen- 

trated along a northwest-southeast direction across the area. There 

are others striking northeast and seine striking east and west Lut 

the greater part of them are characterized by the northwest strike. 

These joints are particularly prominent in the southern section. 

Their development in the mechanical sediments of the eastern part 

of this region is so great that they may be mistaken for the strike 

of the beds if sufficient caution is not used. 

This sytem of joints may have resulted from the longitudinal 

'.inchell, A.N. O.B.ì1. & C. Vol. I, No. 5, p. 36. 



deformation of the anticline. They may have developed as tension 

joints alone the points of maximum curvature of the anticlinal axis. 

Fig. 4. This system of jcints may have been a very cogent factor 

Ir) the development of the drainage pattern of the master streams, 

especially in the northern part of the area. The master streams 

in the southern part of the area are not controlled by these prom- 

ment joints but are possibly controlled by an east-west trending 

series. The rorthwest trending joiivLs are more prominent and the 

question ny be raised as to why the strams should be developed 

along the minor joints in this section arid along the major joints in 

the northern section. This may be tentatively answered by the fact 

that the general slope of the drainage of the whole area is west 

or northwest, or some other west component, but not In an easterly 

direction. Therefore the tendency of the drainage vuld be to follow 

those joints whose direction more nearly corresponded to the slope. 

Those in the northern part have developed on the curvature of the 

anticline at A on Fig. 4, and consequently had originally a north- 

westerly direction. Those streams in the southern pert which 

developed dovm the sides of the antioline on the inside of the curve, 

point B Fig. 4, could not take a north-westerly direction because 

of the presence of a divide passing in an east-west direction 

across the central part of the antioline. The streams consequently 

must flow prallel to this divide until they couk flow around it, 

and as a result entrenched themselves in the east-west joints 

which produced zones of weakness along the direction of their course. 

G. Faultin 
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conclusive evidence for extensive faulting within the i-aleoioic 

area has yet to be found. The liniostones show ntmìerous evidences 

of small movements which resulted in the formation of slickensides. 

The displacement along these faces, however, is in no case more than 

a few feet and in mct»st cases the amount of movement cannot be de- 

termined. 

In the canyon of Grindstone Creek near Lunch Rock some evidence 

of faulting may be obtained. A conglomerate on the floor of the 

canyon east of Lunch Rock contains rnmìerous boulders and pebbles of 

non-fossiliferous limestone. The structure of this conglomerate is 

obscure. The conglomerate does not seem to be an interbed in the 

Paleozoic limestones but its exact relíitionship is unknown. 

The counterpart of this conglomerate may be found on the south 

side of Grindstone Creek canyon about 400 yards west and a'proximate- 

ly 100 feet higher up the wall of the canyon. 

The conglomerates are unusual and do not resemble other con- 

glomerates in the area because they contain limestone bailders. 

Since they are unusual and may thus be identified the occurrence of 

the two crops at a distance apart ny constitute evidence of faulting 

both horizontally and vertically, however, to be certain of this 

the two crops must be proven to have oce been a continuous bed. 

Evidence for this is as yet lacking. 

Aproximate1y the saine situation occurs in the canyon of 

White Butte Creek near White Butte. A large otterop of cherts 

seems to have been displaced both vortics.11y and horizontally, 

however, since outcrops of chert are fairly cormion and also pinch 
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out within short distances, there is no conclusive evidence that the 

two outcrops are parts of a once continuous lens of chert. These 

observations must, therefore, be regarded as being purely preliminary 

arid the establishment of fault lines along these valleys must await 

more detailed work. 

Work of this kind will be particularly difficult due to the 

lack of consistency in the beds. They appear to change their charac- 

ter at random. 
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IV STRATIGRAPHY 

A. General statement 

The rocks of the area include four main types: 

Limestone... ........ .................... 38% 

Mechanical sediments.. . ........ . .. ........ 50% 

Cherts..,....................,............ 10% 

Igneous . . . . . . . . . . ...... . . . . . . . . . . . 

The liniestones and mechanical sediments occur as interbedded 

lenses, the transition from limestone to grit or conglomerato taking 

place laterally as well as vertically in the section. 

The charts occur mainly associated with the limestones although 

they are not strictly confined to them. 

The mechanical sediments may be divided into three types: 

1. Conglomerates composed of rounded constituents 

2. Conglomerates composed of angular particles 

3. Coarse sandstone or grit composed of a high per- 

centege of subangular ptrticles. 

The igìieous rocks occur as dikes and are, therefore, post 

Palozoic. 

B. Lime stones 

1. General description 

The limestones vary from a light colored crystalline 

variety to a dark conipct impalpable variety having a semi- 

conchoidal fracture, They also vary from types which are extremely 

fossiliferous to those that are apparently barren of fossils. Some 
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of the limestones are composed almost entirely of crinoid stems, the 

sterns occasiortally attaining a diameter of four ceLtimeters. Other 

limestones contain high percentages of brachiopod shells, mainly 

productids, while others consist mainly of corals, foraminifera or 

bryozoans. 

The liniestones on the whole are very resistant and together with 

the cherts form the prominent points of the area. 

They are generally brecciated or badly jointed, the numerous 

jointing planes breaking them up so as to produce in some instances 

shear-rhonibs. In some oases the joints have been filled by secondary 

calcite. 

In places the limestones contain considerable detrital material, 

thus forming an arenaceous limestone. The detrital nizterial may 

gradually increase so that the limestone Crades into a sandstone 

having a calcareous cement. Thus every gradation from pure lime- 

stone through gritty or arenaceous limestone to calcareous grits or 

sandstones and standstones having a calcareous cernent has been 

noted. 

Chert lenses, nodules and beds are omon within the limestones, 

and weathering of these oherty lirnestones leaves the surface covered 

with angular ebert fragments. 

The limestones weather to light gray or white. Some of them 

are densely black on the fresh surface and white on the weathered 

surface, the difference in color rossibly being uue to oxidation of 

includd carbonaceous material. 

2. Microscopic description 

Sorne of the limestones are seen under the microscope to 
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be made up of the shells of organisms, foraminifera and bryozoans 

beng common. Patches of crystalline calcite occur throughout. 

Other limestonos are made up entirely of crystalline calcite with 

an occasional small streak of dolomite. The dolomite, however, is 

rare. 

3. Occurrence 

The limestones occur most abundantly on the eastern flank 

of the anticline, but in the southern part of the area occur on 

the western flank. The limestones occur as lenses inter-bedded 

with the coarse mechanical sediments and it is noticeable that 

they pinch out suddenly along the strike, giving way to rather large 

areas of mechanical sediments in which very little limestone occurs. 

This very definite inter-bedding of the limestones with the 

coarse sandstones, g rits, and conglomerates, and the apparent absence 

of finer textured sediments such as shales, together with the extreme 

variability of the strata present a setup which indicates unusual 

conditions of deposition. 

In ntnerous instances the limestones are massive, an entire hill 
being formed of a single mass. The bedding is obscure and sometimes 

apparently entirely lacking. 

Some of the liinestones, however, occur as lenses apparently 

very thick for their lateral extent; these have a somewhat similar 

occurrence to the limestones of Paleozoic age in southern Oregon, 

which according to Winohell1 "...do not seem to be of proper shape 

to represent coral reefs, and it seems quite improbable that pure 

Winchell, A.N. O.B.M. and G. Vol. 1, No. 5. 
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limestone should be deposited in such small areas while mud and sand 

formed all around it. Mr. L.E. Reher has suggested that the lenses 

of each t.elt once formed a continuous belt about 150 feet thick which 

was sliced diagonally during great tectonic movements alone many 

planes about 500 to 600 feet apart, the fragments of the beds were 

then separated by rock f lowage and possibly by horizontal faulting 

during prolonged and important earth movements." 

This explanation would be satisfactory for the Suplee region 

provided the evidence of faulting could be produced, but the shape 

of the limestone lenses is at best only meager evidence of such 

great tectonic movements as Reber suggested. 

Carwood1 describes knoll reefs which ttoftofl form small dome- 

like eminences composed of highly fossiliferous crystalline lime- 

stone containing a special fauna of brachiopoda, imillusca or bryozoa. 

They are evidently of shallow water origin and contain sheets of 

calcareous tufa..... the bedding is often obscure, the surface 

layers may show a quaquaversal dip and contemporaneous breccias are 

locally conspicuous." This description suggests a possible origin 

for the lenses of Suplee limestone. The liinestones do not generally 

have the appearance of reef origin but several occurrences, es- 

pecially in the northerr part of the area, particularly Point 28, S 

3, T 18 S, R 25 E have several characteristics of reefs, in that 

these are conposed almost entirely of special fatias of calcareous 

organisms, and are masdve, showing little or no bedding. 

Carwood, E.J. Handbook of the geology of Great Britain - Lower 

Carboniferous. P. 181. 



Diagram illustrating manner 

inì which part of the Paleozoic sedi- 

ments were deposited. 
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The lenses are interbedded with mechanical sediments of a 

texture not finer than a sandstone. This occurrence with the 

absence of shales or calcareous muds possibly indicates a condition 

in which the coarse mechanical sediments were periodically dumped 

into the sea, If reefs were rowinp in the shallow water near the 

martin of the land, detrital material from the reefs together with 

calcium carbonate precipitated due to excessive concentration near 

the reefs vKuld accumulate for a time and be periodically covered 

over or interfinered with the mechanical sediments from the land 

mass. Fig. 5. This would account for the fact that some of the 

lirnestones are bedded while others are not, it would also account 

for the extreme variability and th inter-bedding of the limestones 

and mechanical sediments and for the thinning out of the limestone 

beds which were very thick in the center, since the lens effect 

would be due to the thinning out of the beds on the sides of the reef 

and the thickness of the bed in the center would be due to the main 

mass of the reef itself. Furthermore, this setup would explain why 

limestones suddenly cease and grade into great thicknesses of 

mechanical sediments, in which limestones do not occur possibly 

because no reefs were growing in that particular locality and were 

de1 osited too close to shore for calcium carbonate to be chemically 

precipitated. 

4, Origin 

Some of the limestones appear to be of reef origin being 

massive in form and occurrence and containing great qtntities of 

fossil organic remains, such as orinoid stems, brachiopods, corals, 
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foraxninifera and bryozoans and possibly calcareous algae. Other 

bedded limestones may owe their origin to accumu].ations of calcar- 

eous material weathered from reefs and to the precipitation of 

calcium carbonate caused by local concentration near the reefs. 

Others may be due to chemical precipitation of calcium carbonate 

carried to the sea by streams. 

, Ill 

C. Sandstones and grits 

1. General description 

The color of the sandstones or grits as they may be well 

called, varies from gray to brown depending upon the composition 

of the constituent particles. 

The tedding is always well developed and distinct in these 

sediments, the best and consequently the most reliable strikes and 

dips in the area are obtainable from the outcrops of the grits. 
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Sorting of the constituent particles is very little, in evidnce. 

The various sizes are mingles together, ranging from. 5mm. to .5cm 

with the average size about 1 mm. The constituent fraents are 

mostly of angular outline; less than ten per cent show evidence of 

rounding beyond the subangular stage. 

The constituent particles of the grits are about 90% chert with 

10% feldspar with an occasional grain of augite. The cernent i8 

calcareous. 

2. Age and relationship 

The high percentage of chert fragments in the mechanical 

sediments may cause some doubt as to whether their age should be 

placed as the ssme as that of the limestones. The argument being 

that the cherts contained in the mechanical sediments were probably 

derived from the Paleozoic cherts, and consequently mut be of later 

age. however, the following facts are cited as evidence that such 

is not the case and that these mechanical sediments are more probably 

the same age as the limestonea. (1) In the Mesozoic formation 

which contain angular fragment8 of chert derived from the Paleozoic, 

there are also associated limestone boulders and fragment8.- In 

some cases these limestone fragments contain Paleozoic fossils 

proving cOnClu8iVely that they viere derived from the Paleozoic 

formations. In the examination of the mechanical sediments under 

consideration in this paper, no associated lirnestones were found, 

cherts alone are the primary constituent. The question may then be 

asked, If these chert-.hoaring mechanical sediments are yoiger than 

1 Personal communication with Dr. E.L. Packard. 



the Paleozoic limestones, why are the Paleozoic limestones always 

absent from these sediments? Very likely the cherts from which 

these sediments were derived were not associated with Paleozoic 

limestone, or any lime8tOfles. (2) The presence of the cherts as- 

sociated with boulders and pebbles of granular igneous rooks the 

counterpart of which are not found outcropping in the area suggests 

that the cherts were derived from some land mass which also contained 

granular igneous rocks, Since the following evidence points to con- 

temporaneity of origin for limestone and mechanical sediments the 

asstption is that such a land mass must be older rather tn younger. 
(3) Apparent interbedding of limestone and lenses of mechanical 

sediments, There is a definite gradation from pure limestone through 

gritty limestone, through calcareous grit to a grït having a cal- 

careous cement. (4) Limestone thins out along its sbrike and gives 

way to mechanical sediments. (5) There is a correspondence in 

structure of the two materials. The strike and dip of a limestone 

surrounded by mechanical sediment always corresponds to the 

strike and dip of the mechanical sediments and vice versa. (6) The 

two have been deformed as a unit as shoii by abrupt changes in 

strike. (7) The mechanical sediments are cemented by calcium car- 

bonate. The only exceptions to this have been noted and an ex- 

planation given above. 

As a result of this evidence, the age of the mechanical 

sediments is concluded to be of the same age as the liinestones and 

interbedded with th&i, 

3, 0e cur reno e and origin 
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The sandstones and grits occur most abundantly in the 

west central and east southern portion of the area. A large mass 

of well bedded sediments occurring on the western flank of the anti- 

dine west of the Productus Gianteous locality, central part S 30, 

T 18 S. R 25 E, on the eastern flank of a large mass of sediments 

occurs between Grindstone and Twelve Mile Creeks. The bedding in 

these sedirnents is well developed and a single bed may be traced 

entirely across the mass where it gives way to limestone wholly or 

partially. However, these areas of sediments are apparently as 

thiok as they are long, thus indicating an unusual manner of deposi- 

tion. From the excellency of the beds and the ease with which the 

individual beds are traced it uld be expected, if tne beds were of 

marine origin, that they would have a great lateral distribution. 

However, the coarseness of the constituent partiole8 together with 

their limited aerial extent indicated that they may be delta deposits 

or rivers which carried enormous quantities of detrital material at 

definite intervals, this interval being indicated by the interbed- 

ding of the limestones lenses, since obviously some time must be re- 

quired for the bedded limestones to accumulate. Twenhofel' state8 

that "During past geologic ages when shallow seas covered vast areas 

of the continents and highland regions bordered the seas, ideal 

conditions existed for the developuent of large delta. If the regions 

of supply of sediments are being elevated and the sites of delta 

deposition were sinking great thiebiess of delta deposit would be 

possible. That this has occurred during several periods of geologic 

--------- 
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time is certain," 

Part of this material was no doubt distributed laterally along 

the shore by the shore currents and was mixed with the marine sedi- 

ments being deposited at the time. 

D. Conglomerates 

The conglomerates are of two types, (1) Those composed of 

rounded particles, (2) those composed of angular particles. These 

will be considered in the order nsxried. 

1. General descrijtion and occurrence 

The conglomerates are massive and the structure is 

usually obscure although the orientation of flattened boulders indi- 

cates the general direction of dip. From this method of determin- 

ation the conglomerates appear to coincide with the limestones in 

strike and dip. 

These conglomerates are composed of particles ranging in size 

from i cm. to 50 cm. and in some instances the lrger boulders are 

distinctly flattened, the ratio being generally about 2:;, that is, 

the boulder is about twice as wide or long as it is thick, The 

flattened boulders are not characteristic of the conglomerates, 

however, since thore are several occurrences in which the flattened 

boulders are not conspicuous. 

Conglomerates occur most abundantly in the center of the anti- 

dine, Well defined outcrops occurring east of Productus Giganteous 

locality and on both sides of the valley formed by the erosion of the 

crest. 

This oonglomerate is apparently about 80 feet in thickness and 
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grade8 from west to east, i.e. from top to bottom of the bed from 

pebbles about 5 cm. in diameter to cobbles or boulders 45 cm along 

their greatest diameter. The boulders are generally flattened 

though not invariably. This conglomerate is not persistant and is 

apparently a boulder facie in the grits. Another crop similar to 

this and in a sinilar position stratigraphically is found in the 

northern part of the area at the base of Point 28, S 3, T 18 S, R 

25 E. This outcrop has the same general characteristics as the one 

described above, with the exception that the largest cobble 18 25 

cn. along its greatest diameter. 't also occurs as a lens and is 

apparently a boulder fade in the grits. 

Approximately 2000 feet east of the crest of the anticline 

another series of conglomerate lenses occur. They have the same 

characteristics as the outcrops aL ove, flattened boulders up to 

30 cm. along their longest diameter and approximately two along the 

shortcst. The lenses are apparently about 45 feet in thickness. 

The next conglomerate is found in Lunch Creek canyon, S 28, T 

18 S, R 25 E. This conglomerate is not persi8tant, but occurs in 

lenses approxiisately 30 feet in thickness and interbedded in the 

grits; it cannot be traced horizontally either as a bed or as a 

series of lenses. The boulders range up to 30 cm and are flattened; 

the orientation of the boulders indicating an eastward dip of the 

lens. The percentage of flattened boulders in this outcrop is only 

about half as large s in the previously described outcrops. 

2. Composition 

The conglomerates are composed ninly of coarse grained 
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igneous rocks, chert8, and a dark fine grained igneous rock. 

The percentage of coarse grained igneous rock is highest in 

those conglomerates near the center of the anticline and consequent- 

ly the older. The coarse grained igneous rock make up approximately 

4O7 of the total, ohert 35 and basalt 25, 

The coarse grained igneous rocks are Potassium granite, soda 

granite and Gabbro. The Potassium granite has a pink orthoclase, 

7O, hornblende, lO, and quartz, 20%. 

The gabbro is about equal in percentage to the other two types. 

Near the 'top of the section the cherts replace the plutonic rocks 

in abundance. The conglomerates composed of angular fragments occur 

on the west flank of the antioline west of Mills Sheep Coral, S 30, 

T 18 S, R 25 E, and at the base of the lava capped hill in the 

northern part, Central part S 4, T 18 S, R 25 E. 

This conglomerate is made up largely of angular fragments of 

chert up to G cm. in diameter. Here and there, however, the chert 

particles show some degree of rounding; these may be classed as sub- 

angular. The brown chert make up fully 75% of the composition of 

the cong1nerate with the red, green, black, and vkiite varieties 

making up the remaining 25%; of these green is the most abundant. 

ö. Origin 

It has been pointed out by Johnson' that gravel deposits 

of continental origin where exposed to observation are gruatly 

elongated in the direction of the streams, i.e. the direction leading 

1 Johnson, D.vl. The high plains and their utilization. 21st Aii. 
Rept. U.S.G.S. Part IV, 1901, p. 634. 
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away from the source of supply. ansfield1 has noted that shore 

gravels on the contrary are extended in courses parallel to the 

margin of the deposit. Barrel2 says, however, that "ancient con- 

glomerate formtions are comnonly folded and tilted and it is seldom 

that a bed can be studied in two directions to a sufficient extent 

to determine the relation of the gravel strata to the direction of 

sedimentation." Barrel says further that "no distinction in forn 

has been showi to exist betveen river and shore gravels...end that 

intercolated nonconglomeratic beds and the reistions to the under 

overlying strata are frequently of high supploniertal value for 

determining the mode of origin especially where the finer textured 

beds carry evidences of terrestrial origin the argument is strong 

that the associated coarser beds are also terrestria1. Where finer 

beds carry marine fossils, t}se contiguous coarser beds are pre- 

snably in part if not wholly nirine." Further "Marine conglomerates 

except under local and special conditions are limited to consider- 

ably less than 100 feet in thickness. Terrestrial conglomerates are 

frequently measured in hundreds and occasionally thousar1s of feet." 

Evidences of imtrine life in the grits in which the conglomerates 

are interbedded is scarce but not entirely lacking. Corals and a 

form which may possibly be an Orthoceras have been found in the grits. 

This is conclusive evidence that the marine envirorment was not 

entirely absent during the deposition of the grits. 

Mansfield, G.R. The characteristics of various types of conglom- 
erates. Jour. of Geol., Vol. XV, 1907, p.554. 

2 Barrel, Joseph. Criteria fnr the recognition of ancient delta 
deposits. Bul. G.s.A., Vol. 23, 1912. 
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The thickness of the conglomerates and their occurrence as 

lenses points to their being of marine origin occurring as gravel 

facies along the shore. The flat shape of the boulders is further 

evidence of this sir.ce Grabau' says, "On a shallow coast where 

the wash of the waves rushes up and down the beach as a sheet flood 

the pebbles are more often merely moved backward and forward with- 

out much overturning, or again the pebbles are scarcely moved but 

polished and worn by the sand carried back and forth across them." 

Thus the thickness of the grits and sandstones together with 

their limited aerial extent, the presence of marine fossils in sorne 

of the grits and the general characteristios of the conglomerates 

such as thickness and shape of cobbles, points to a condition, 

where continental sediments and marine sedinents mingle, or to 

deposition at a river mouth where continental deposits were being 

made on the margins of the land. 

E. Cherts 

1. Introduction 

Definition, "In the strict sense chert includes those 

cryptocrystalline varieties of quartz which are white, gray or other 

light colors. Flint includes the dark gray or black varieties of the 

same material. Jasper is a variety colored red by iron oxide."2 

For the purposes of this discussion the name chert will be used to 

apply to all varieties since distinctions are based largely upon 

color and not upon the mode of origin, however, this statement is 

i Grabau, A,4, Prinoiples of stratigraphy, p. 595. 
2 Twenhofel, W.H, Treatise on sedimentation, p. 519. 
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not to be interpreted as meaning that the color may not be a function 

of the mode of origin, but it is not the purpose of this discussion 

to establish such functional relationships. 

This discussion will be concerned with localities and distribu- 

tion of the cherts, the relationship of the cherts to other rocks of 

the area, their structural features, stratigraphic position, petro- 

logical types and characters, comparison with other occurrences and 

finally an attempt to establish the time relationship of the cherts 

to enclosing rock with suggestions as to possible origin. 

2. Localities and distribution 

The cherts are widely distributed, occurring throughout 

the area without apparent correlation between the various occurrences. 

They are mainly associted with the limestones and consequently are 

found in those prts of the area in which limestone occurs. The 

cherts aear in greatest abundance on the eastern flank of the anti- 

dine. The best localities for studying the occurrences of the 

cherts are (i) Iron Mountain and ridges to north, (2) Lunch Creek 

canyon and White Butte in S 16, T 18 R 25 E in the central portion 

of the area, (3) Point 28 and the westward dipping limestone crop in 

the N.y. , s 34, T 17 S, R 25 E in the northern part, and (4) Bucher 

Butte, Point 5 and Point 11, S 8, T 19 8, R 25 E in the southern 

section. 

3. Relationship of cherts to other rocks 

As stated above the cherts so fr as observed occur asso- 

ciated mainly with the limestones although the chert band on the 

eastern flank of the anticline is apparently lying on top of a series 
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of mechanical sediments w}iioh grade laterally into lirnestones. There 

is app9rently no consistent reltionsh1p between the limestones and 

the cherts, since the cherts re interbedded, intrabedded and occur 

cutting across the limestone beds. Isolated nodules re also common. 

The occurrence as large interbedded lenses seems to be a common mode. 

So far as observed different colored cherts apjear to have dii'- 

ferent modes of occurrence. The difference cannot be referred to a 

definite line of demarkation but taken as a whole the black cherts 

have characteristic modes of occurrence which are different from that 

of the brown or red cherts. 

The occurrences of these different types of chert will be 

described in detail later with the petroloical descriptions. 

4. Structural and textural features 

No where have any structural or textural features character-. 

istic of the limestone been preserved by chert. 

5. Stratigraphical position 

Stratigraphically the cherts appear from the lowest 

exposures of the limestones to the highest; they are confined 

principally to the eastern flank of the anticline because the anti- 

dine was apparently folded at the point where the limestones and 

mechanical sediments interfingered. The cherts cannot be considered 

as concentrated near the top of the anticline but they occur in 

greater thicknesses as the top of the anticline is ap'roached. A 

wide band extends with a few breaks entirely across the area and 

represents the top of the section on the eastern flank of the anti- 

dine, since it is ararently on the non-conformable contact with 
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the Mesozoic. 

6. Petrological types and niodes of occurrence 

a. The red and green cherts. 

The red and green cherts are the least common variety 

occurring only infrequently as small, irregularly shaped nodules.' 

Sorne occur with a pure reddish brovm color; others are green, still 

others are banded red and green, the bands varying greatly in width. 

The creen color seems to occur more abundantly on the outer surface, 

while the red is more concentrated near the center. Davis2 noted 

this phenomenon and interpreted it as due to reduction of iron oxide 

near the weathering surfaces while the red near the center was 

comparatively unaffected. 

These cherts have a sub-vitreous luster and a sub-conchoidal 

fracture, the fracture ilanes are very irregular and the chert often 

breaks in such a manner that very sharp edes result. 

Traversing these cherts are often minute veins of crystallized 

quartz, these veins cut indiscriminately across the red and green 

bands and appear to be epigenetie. 

(1) Microscopic description. Under the microscope 

these red and green cherts are seen to consist of a fine grained 

aggregate of silica with rough bands of reddish or greenish semi- 

translucent substance presumably iron oxide. Dispersed throughout 

1 
A hand specimen of a rock associated with the Clariio extrusive 

collected by W.D. Wilkinson cannot be distinguished from these 
cherts. Comparative thin-section studies have not been made as 

yet so that no information regarding their microscopic make-up is 

available. 
2 Davis, E.F. Univ. of Calif. Bui. of Dept. of Geog., Vol. II, Lo. 

3. Dec. 1918. 
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the section are small clear areas of circular or ellipsoidal outline. 

Sorne of these small areas are filled with a fine mosaic of quartz 

while others show an excellent dark cross, characteristic of chalced- 

ony, under crossed nicols. No evidence of radiolarian remains were 

noted in these cherts, but Davis says that recrystallization may 

obliterate all traces of the organisms. 

b. Brown cherts 

The bro- cherts vary from light to very dark brown. 

The fracture is sub-conchoidal, but these cherts also have well 

developed jointing or rock cleavages which produces a tendency to 

weather out in angular blocks; this probably is the result of cleavage 

or jointing developed during the deformation of the area, since the 

brown ohorts occur usually in l'rger masses than the other types. 

lt is noticeable that the larger the chert mass the more evident is 

the jointing. This type of ohert has very evidently been formed 

before the deformations which caused the jointing throughout the area. 

The color is unevenly distributed throughout the mass. In 

sorne localities the brown chert contains small spots and elongated 

and irregular masses of lighter colored material. Similar spots 

have been interpreted elsewhere as evidence of the existence of 

radiolarian in the chert. However, no actual remains of these organ- 

isms have been noted in these beds. 

(1) Microscopic description. These cherts do not 

differ greatly from the red and green type. The round or ellip- 

soidal areas may be seen, sane showing a dark cross under crossed 

nicols, others are composed of interlocking grains of qurtz. No 



evidence of radiolarian skeletons or sponge spicuies were noted. 

(2) Form and mode of occurrence. The brown cherts 

occur mainly as large lenses or iriterbeds. These lenses which vary 

extensively in length and width occasionally stand up as "dike as 

a result of differential erosion. At other places angular fraîients 

are strewn profusely over the &rface where they have been accumu- 

lated as a result of the weathering of the limestone with which the 

chert is associated. 

These cherts occur wherever there is limestone, but they are 

far more concentrated on the east flank of the anticline. On the 

extreme margin of the anticline a band of chert extends from near 

Suplee south to Iron Mountain with only an occasional break. This 

band is apparently not of uniform thickness but reaches its maximuxr 

at Iron 11ountain where it is not less than 500 feet in thickness. It 

thins out to the north where it is 100 feet thick. 

South of Iron Mountain this chert di8appears, apparently being 

covered over by Mesozoic sediments, and reappears between the Flat- 

iron locality, S 5, T 19 S, R 25 E and Tucker Buttes; it then 

apparently pinches out at the northwest base of Tucker Buttes. The 

mechanical sediments near this occurrence of chert are firmly indurated 

by means of a siliceous cement. The mechanical sediments invariably 

have calcareous cerrienting material except where they are closely 

associated with the cherts, then the cementing material is siliceous. 

At White Butte, which is a large limestone hill, the limestone 

is seamed in all directions by the cherts. There is no apparent 

consistency of occurrence of the chert. It occurs as isolated nodules 
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with irregular outlines, as lenses a1on the bedding, and as "veins" 

cutting across the bedding at every conceivable an1e. These chert 

bands are from 1" to 18" in thickness and they have the appearance of 

having been intruded into the limestone. However, there is no 

apparent metamorphism along the contacts and a silicified coral was 

found imbedded within the chert. These cherte also contain spots of 

calcium carbonate so that a fragment when immersed in acid will 

effervesce at numerous places. 

Much of this chert is spongy and has the aspect of a chert which 

contained some soluble material that had previously dissolved and 

weathered out; similar occurrences of chert are noted in the Carbon- 

iferous. 

"Great quantities of chert are left as a residue on the surface, 

by the solution of limestone by the ground water. From the chert 

itself is removed whatever calcium carbonate it originally contained 

together with more or less of its silica so that much of it is porous 

and spongy though a great deal still remains cornpact."- 

Isolated residual boulders of chert having smaller particles 

of limestone included along the margin have been found, the contact 

between the chort and limestone is always very irregular, chert 

stringers extending into the main body of the limestone and vice versa. 

These boulders have evidently weathered from larger masses and 

represent a part of the contact between the chert arxì the limestone. 

A bed of coarse sandstone which occurs on the east side of 

'fhite Butte has become so impregnated by silica that it appears to 

U.S.G.S. Folio 202, page 10. 
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be composed entirely of silica; only under close inspection is its 

real nature apjarent. 

e. Black cherts 

These eherts are dark in color grading from a blue- 

black to black. They have the typical sub-oonohoidal fracture but 

the parting surface is somewhat rougher suggesting that these chert8 

are not so impalpable as some of the varieties. Small spots of 

white chert occur associated with the Uack variety--perhaps due to 

the leaching of the carbonaceous material in the darker cherts. 

(1) Microscopic description. These cherts appear 

to be cc»nposed of interlocking grains of cryplocrystalline silica 

which makes up a fine mosaic. 1'o amorphous silica vias noted. The 

clear areas of chalcedonic silica also are conspicuously absent. 

(2) Form and mode of occurrence. The black cherts 

occur as nodules and as beds in the limestones. At three localities 

(i) Hill north of Crinoid reef, (2) on the west wall of Lunch Creek 

canyon, about mile up the canyon, (3) on the west slope of Buoher 

Butte, the cherts occur in distinct beds alternating with beds of 

limestone. The beds of chert are approximately 1" to 6" in thickness 

and are separated by beds of limestone of approxinte1y the same 

thickness. Well preserved fossils have been found in these cherts. 

The contact between the limestone and chert is apparently a 

sharp one in hand specimens, but under the microscope as described 

by Twenhofel: 

"The chcrt ic ir.tergrown with tho limestone in an exceedingly 
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intricate and labyrinthine way." 

Small stringers extend from the limestone out into the chert 

and isolated particles of calcite are seen entirely surroimded by 

chert. This is sometimes used as evidence of replacement i.e., 

that the remnants represent unreplaced remnants of the surrounding 

rock, "but these areas are as readily explained as being due to the 

inclusions of calcareous sterials in the chert during its accumu- 

lation, or as being the result of the aggregation of both the calciun 

carbonate in the gel and that which had migrated into it. The 

migration of such salts in gels is a cnrnon phenomena."2 

7. Theories of chert origin 

a, eneral consideration 

Theories of chert origin must stand or fall by the 

testimony of the field relationships, occurrences, and general 

characteristics of the chert. The various occurrences of the Suplee 

cherts have been enumerated and the significant ones will be sunnar- 

ized below. 

It will now be the purpose of this discussion to present the 

main theories of chert origin together with such evidence for or 

against each theory as is to be obtained from field evidences. 

After this presentation an effort will be made to explain the origin 

of the 3uplee Chert8 in the light of one of the theories. 

In order that a theory he applicable to the origin of the 

Twenhofel, W.H. The chart of the Vreford and Foraker limestone. 

2 
Amer. Jour. Sci., Vol. 47, 1919, p. 407-429. 
Ibid., p. 535. 
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$uplee cherts it must explain certain field relationships and occur- 

rences which are here presented in a summarized form. 

b. Occurrences and relationships which theories of 
origin must explain 

(i) Silicified fossils within the chert 

(2) Rhythmic alternation of beds of limestone 
and chert 

C 3) Large lenses of chert near top of section, 
not always association with limestone 

( 4) Lenses of ohert not associated with structural 
features of the limestone 

( 5) The siliceous cernent of the sandstone in 
specific localities 

(6) Irregular shaped nodules 

(7) Intricate network of chert cutting some 
limestones 

(s) Isolated patches of limestone in the cherts 

( 9) The very irregular contacts between chert 
and limestone 

( io) Occurrence of chart in the Triassic sediments-- 
thus limiting the time of formation of the 
che rts 

(li) Cherts found in crystalline limestone do not 
have the crystalline form of the calcite 

( 12) Vreathering produces a porous mass of chert 

(13) A coral found in the cherts was not entirely 
silicified. 

o. Time relations and origins 

According to Twenhofel the time relaU.oris of the chert 

to the enclosing rock may he divided into three groups. 

A. Formed after the consolidation of the enclosing rock - 

epigenetic origin. 
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B. Formed contemporaneously with the accumulation of the 

materials of the enclosing rock - syngenetic origin. 

C. Formed pene-contemporaneously with the accumulation of the 

material of the enclosing rock. Syngenetic origin. He says 

further that for chert or flint to be of epigenetic origin it must 

either replace the original rock or fill cavities therein.1 

d. Theories of ejienetic origin 

(1) Replacement 

(a) Evidences for replacement. The theory of 

replacement is generally considered as the most important method of 

epigenetic origin. Ground waters carrying silica in solution 

permeates the limestone and part or all of the calcium carbonate is 

replaced molecule by molecule by the silica. To be striotl, epi- 

genetic the replacement must take place after the limestone has 

become indurated. The evidences for replacement are as follows:2 

1. Occurrences of chert along fissures in limestone 

2. Very irregular shape of the chert nodules 

3. Presence cf irregular patches of limestone in some 
chert massee 

4. itssociation of silicified fossils and chert in sorne 
limestone 

5. Presence of replaced fossils in chert 

6. Preservation of structures and textures of lirnestones 
in some cherts 

7. The failure of cherts to follow definite zones in 
limestone formations 

1 Twenhofel, W.H. Treatise on sedimentation. 
2 Van Tuyl, F.M. Origin of chart. Amer. Jour. Sci, Vol. 45, 1918, 

p. 449-56. 
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8. The occurrence of silicified orlites forned by 

the replacement of calcareous ones. 

9. Retention in chert of markings in the limestone 

including grain, stratification, styolites, is 

valid evidence of secondary character. 

10, Bowing of beds irrfutab1e evidence in favor of 

epigenetic origin 

11. Uneven growth of the chert, 

0f these evidences for replacement the following are 

applicable to the Suplee cherts. However, these occurrences and 

relationships are largely confined to one locality, vis. White 

Butte, S 16, T 18 S, R 25 E. 

Irregular s}Ted nodules 
Presence of irregular patches in some chert masses 

Presence of replaced fossils in chert 
Failure of cherts to follow definite zones in limestone 

formations. 

(b) Evidencoz against roplacemcnt. 

Evidonce as given by Tarr2: 

1. Uniforw distribution of chert. along planes in 
limestone and absence of structural control of these 

plsnes of chert. 

2. The impermeability of limestones. 

3. Absence of source of silica in limestones or adjacent 
rocks. 

4. Deposition of chert does not occur in the main 
solution cniels in limestone. 

5. No structural features in limestone preserved by citert. 

6. The occurrence of angular brecciated fragments of 

i Dean, R.S. Form&tion of Missouri cherts. Pmer, Jour. Sci,, 

Vol, 45, 1918, p. 411-14. 
2 Tarr, The origin of chert in Burlington limestone, Amer, 

Jour, Sci. Vol. 44, 1917, p. 409-51. 
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chert in larger rnasse8 of chert. 

7. The cracks in the ohert and their fi11in of liniestone 
are not due to replacement. 

8. Banding or rnottlin of chert not due to replacenient 
for such structures are not developed by replacement. 

9. Fossils in chert too well preserved to be residuals 
from replaced limestone. 

lo. Weathering produces a porous (whore fossiliferous) frag- 
merits more or less decomposed chert. 

11. I'o evidence of rowt1ì at present time or 8iììce period 
of deposition of limestone. 

12. Presence of chert in conglomerate at the baso of formation8 
exactly like the chert in underlying formations. 

13. Silica content of oherty formations very low. 

14. If the fossils held in the cherts are of better preser- 
vation than those in the limestone it should be considered 
positive evid9ce that the chert is not a replacement of 
the limestone. 

15. Colloidal silica is a solid particle and thus cannot 
migrate through solid limestone or dolomite and as much 
chert and flint occur within a bed such migration would 
be essential if chert were epigenetic in origin. 

16. If cherts were epigenetic it would seem probable that 
chert bands woud show some tendency to out across 
stratification, 

17. The rhythmic alternation of lirnestones and bedded cherts 
would be difficultly explained by the replacement theory. 

!vny of the above objections to the replacement theory 

vJil be seen to apply to the Suplee cherts especially when the 

cherts at Iron Mountain SE S 34, T 17 S, R 25 E, those in Lunch 

Creek Canyon SE , S 28, T 18 S, R 25 E and those on hucher Buttes 

Twenhofel, W.H. Amer. Jour. Sci. Vol. 47. 
2 Barton, D.C. Notes on the Mississippian charts of St. Lcuis 

Area. Jour, of Geol. Vol. 26. 1913. pp 361-74. 
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are oonsidered. 

The most important objections to replacement at the above 

localities are: 

1, Rhythmic interbeddin of chert and limestone. 

2. 1'o preservetion of structural or textural features 
of the limestones by chert. 

3. Io tendency to cut across stratification. 

4. No evideioe of growth at the present timo. 

5. PreseLce of chert in basal Triassic beds associated 
with Paleozoic fossils proving the cherts to be the 
same as that now associated with the limestone. 

6. If grourd water carried enough silica to cause the 
limestone to be retlaced by it on such a large scale, 
why did the silica not replace the calcareous canent 
which indurates the mechanical sediments iriterbedded 
with the limestories? 

Only in a few specific localities is the cementing material 

in the mechanical sediments of silice while the chert in the line- 

stone is very widespread. An explanation of this will be given later. 

One other theory favoring the epigenetic origin of the cherts 

is that proposed by Ulrich & Bain' wherein the chert is assumed 

to be the result of silica concentration during the process of 

weathering. Voodward2 also presents this theory and gives the fol- 
lowing eviderLce in favor of it: 

1. Cherts prevailingly abundant upon the weathered exposures 

and residual soils of certain formations but oonspicuously absent in 

the fresh bed rock of the same formations. 

Ulrioh, E.D. & Bain, F.R. The copper deposits of Missouri. Bul. 
U.S.G.S. 267, 1905, p. 27-30. 

2 Woodward, H.P. Paleozoic cherts of st central Virginia. Jour. 
of Geol. Vol. 39, 1931, p. 277-98. 
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2. Cherts not appearing to be characteristic of any given 

horizon but favoring certain defirdte types of topographic expres- 

sion in the formation. 

3. The chert which is known to occur in bed-rook generally 

occurs near the top of the formation which in most cases moans t1'at 

the cherty lenses occur directly below an unconformity or old de- 

nudati on surface. 

4. Finding cherty ledges and masses at the surface grading 

downward into unsilicified calcareous bed-rock below. This is also 

true on a smaller scale of many of the fossils which are silicified 

on the surface but are calcareous within. 

5. The majority of the cherts have the same general structure 

as the enclosing rock and if they re in lenses these lenses conform 

to the bedding planes of the rock. 

6. The cherts show a strong tendency to appear at similar 

elevations throughout any local area and to be absent at elevations 

above or below this zone of concentration. 

Because of these observations Woodward believes the cherts 

(at the locality studied by him) to be epigenetic. lie concludes as 

follows, "It would further seem probable t}nt the development of the 

chort is a function of surfacial weathering since so great a pro- 

portion of the chert is associated with present or past denudation 

surfaces whereas the chert is so rare in the fresh unweathered rock." 

(2) Vreathering 

(a) Evidences against weathering. Twenhofel1 

1 Twenhofel, Í.H. Treati$c on sedimentation. 
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says regarding the theory proposed by Ulrich, 'Vthat Ulrich was 

really observing was the greater accumulation of residual chert 

on a gentle slope than on a steep slope. As Ulrich's deduction has 

been cited so often by advocates of this view, it will be well to 

evaluate it. If a horizontal limestone containiri 15 per cent of 

chert underwent chemical denudation, it is evident that all the chert 

in the beds would be concentrated at the surface as the insoluble 

material of the limestone. This would be the maximum quantity of 

chert. Increasing slightly the slope of the eroded surface would 

increase the carrying power of the run-off, so that at first the 

smaller pieces of residual chert vuld be removed, as the slope was 

increased further, more and more fragments would be carried away 

until finally at a vertical cliff all the chert loosened by wether- 

Ing (largely mechanical) would accumulato at its base as talus or 

be carried aviay by a stream. The solid floors of' chert in some 

valleys in the Ozark area of iissouri and in the southern Appalachian 

area are evidence of the activity of the streams in mechanically 

removing the chert. Thus to ascribe the chert on the gentler slopes 

to the longer and slower process of chemical weathering is not a 

safe assumption as the chert could have been (and probably v/as) 

originally present in the limestone." 

This objection apparently accounts for everything except the 

fact that in the occurrences as studied by Voodward, "The charts 

are prevailingly abundant upon the weathered exposures and in the 

residual soils of certain formations but are conspicuously absent 

in fresh bed-rock of these same 



Twenhofel says further, "Studies of hundreds of thousaxds of 

well logs prove that chert and flint are as widely distributed under- 

ground as are the formations in which they occur. Denial of this 

is made by some who explain chert as a product of weathering but 

the evidence is so overwhelnting as to be incontrovertible." 

Even this does not alter the fact that chert does not occur in 

the unweathered portions of the limestone in this particular occur- 

rence as studied by Woodward. 

Apparently closer observation of the field occurrences are 

necessary before this question can be definitely settled, for if the 

occurrences have been correctly observed by oodward, Twenhofel' s 

objections are automatically over-ruled. 

Fragmental brown oherts are scattered profusely over the sur- 

face in sorne sections of the area, especially in the northern part 

on Point 28, S 3, T 19 S, R 25 E. However, since small lenses of 

ohert are found outcropping at various places and no occurrences 

where the oherty layer on top grades into unsilicified limestone 

below are noted, the conclusion is that the Suplee cherts are not the 

result of surfacial weathering. 

e. Theories of sjngenetic origin 

In order to be strictly singenetic in origin the 

chert must have been formed contemporaneously with the limestone. 

Exponents of the syngenetic origin are divided in opinion as to the 

source of the silica. One group holds that the silica is of organic 

origin, the other that the silica is of inorganic origin. 
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(1) Organic origin of silica 

According to the organic theory part of the 

shells or skeletal remains of siliceous organisms is dissolved by 

the sea water and reprecipitated. The silica then cements the 

undissolved portions of the organisms and cherts containing remains 

of radiolaria, diatoms and sponge spicules result from the consoli- 

dation of the mass, 

(a) E.viderice for the organic origin of the 

silica. The presence of the remains of radiolaria, diatoms, sponges, 

and other siliceous organisms within the chert constitutes the main 

evidence for this theory. 'he high silica content of certain waters 

was supposed to result from the ntmierous siliceous organisms present. 

Discussing the origin of cherts in the Boone limestone of Arkansas 

and Missouri Purdue and Miser say': "The bedded cherts were for the 

most part siliceous deposits and owe their present nature only in 

small part to segregation. 

"The silica could have been lain dovm contemporaneously with the 

limestone forming material (1) as fine grained detretal quartz, (2) 

as a deposit derived from organic remains, or (3) as a deposit by 

chemical precipitation in a colloidal form. The purity of the liue- 

stone leads the authors to attribute the silica to one or both of 

the two sources last indicated. Sponge spicules have been recognized 

in only a few places and the apparent general absence of these 

spicules and other siliceous tests is adverse to but does not dispre 

the assumption of its organic origin, for such remains would have 

Purdue, A.H. k riser, H.D. U.S.G.S. Folio, Lo. 202., p. 10. 
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been largely or wholly destroyed by partial crystallization of 

silica and its segregation by ground water. The fact that silica 

of organic origin is more soluble than that of chemical origin 

inclines one to consider siliceous organisms the most probable 

source of the silica." 

Diller' and Smith2 describe radiolarian chert in Oregon. 

Smith found some recognizable genera of radiolaria but "In most 

cases, however, sfnall round areas filled with cryptocrystalline 

silica showed where the tests had been." 

(b) Objections to the theory. The organisms 

are considered as merely incidental in cherts since ntmierous occur- 

rences are cited in which the cherts contain no evidence of siliceous 

organisms. The high silica content of the waters is considered to 

he a favorable habitat for siliceous organisms consequently they 

accumulate in the places where the silica is present in abundance. 

"Nearly every supporter of the organic theory has considered 

that there is more or less subsequent alteration and rearrangnent 

of the silica and that chert and flint may also he formed in other 

ways."3 

Richard and Bryan4 concluded that "(i) high silica content must 

he regarded as having a chemical rather than a biological origin. 

i Diller, J.S. Rodding Folio, U.S.G.S., Io. 138, 1906. Port Orford 
Folio, No. 89. Roseburg, Folio, No. 49. 

2 Smith, W.D. Notes on the radiolarian cherts in Oregon. Amer. 

Jour. Sci. Vo]., XLII, Oct. 1916. 
3 Twenhofel, !.H. Treatise on sedimentation. p. 540-41. 
4 Richard, H.C. & Bryan, W.A. Australasian for the advance- 

ment of science, Vol. XVI, 1923, p. 309-315. 
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(2) The radiolaria are not so much the cause of the high silica 

content as they are the result of the highly siliceous state of the 

waters in which they lived." 

The Suplee cherts generally show the round or ellipsoidal clear 

areas which are interpreted as being radiolarian remains, however, 

actual remains of siliceous organisms have not been noted. All 

traces of the organisms, however, may be obliterated by recrystal- 

li zation. 

Since the consensus of opinion among students of the subject is 

that the radiolaria are incidental, occurring associated with the 

cherts as a result of the highly siliceous state of the waters in 

which they lived, this paper will not attempt to establish the 

organic origin of the cherts, but will only record the fact that the 

evidence used by the exponents of the theory is present. 

(2) Theory of inorganic origin of silica 

(a) Tarr's theory of chemical precipitation. 

The theory of inorganic origin of the silica as proposed by Tarr1 

is as follows: "Silica is derived from the land bychemical weather- 

Ing and transported to the sea by streams as colloidal silica. Areas 

of low-lying lands especially peneplained areas where chemical de- 

nudation predominates over mechanical would be especially favorable 

for furnishing increased quantities of silica. The colloidal silica 

is believed to be precipitated in the sea by action of the alkali 

salts in the sea water after it had undergone considerable dispersiczi 

and a considerable amount of concentration. Since it is the tendency 

Tarr, Amer. Joi.r Sci. Vol. 44, 1917. p. 409-51. 
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of all colloids to aggregate into globular masses, a tendenoy which 

is very powerful in silica, it is believed that silica thus pre- 

cipitated on the sea bottom would tend to assume more or less lobu- 

lar or elliptical trnis. Under burial these forms would become 

compressed into elliptical or lenticular shapes by the weight of 

the accumulating sediments. Organisms falling into this soft col- 

loidal mass would be perfectly preserved." 

1. Evidences for the theory. The amount 

of silica carried to the sea annually according to Clark' s averages 

is in excess of 22 x tons. The amount cf silica added to the 

sea is exceeded by that of only one base calcium. 

"This silica is not accumulated in sea water, for analyses show 

mere traces. Silica using organisms account for a small percentage, 

but where the remainder is precipitated and how have not yet been 

positively determined." (Twenhofel, Treatise on sedimentation) 

The conditions for the most rapid removal of the soluble salts from 

the land are when mechanical erosion lags somewhat behind essentially 

complete rock decay. More silica is obtained from areas of igneous 

and metamorphic rocks than from areas of sedimentary rook. Leith 

and Mead estimate that there is 2.l7 per cent of silica freed by 

the alteration of the average igneous rock. Under conditions of 

complete chemical deonposition practically all of this silica is 

removed as colloidal silicio acid. 

Peneplanation favors chemical denudation and deposits made in 

those periods during which the lands were lovi-lying should contain 

chert, the amount depending upon the petrologic character of the land 
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drained. 

The colloidal silica which is brought to the ocean by the 

rivers is distributed by the currents. Dispersion is aided by the 

slow rate of concentrtion of the silica. Certain salts i.e., 

hydrogen suiphide in solution aid in dispersion by preventing the 

formation of a sel, Rapidity of precipitation depends upon the 

salinity of the water. If waters were receiving much clay or fine 

silt the colloidal silica would be coagulated by the sea-water arid 

carried downward by the sinking clay and silts. When the waters 

were relatively free from such fine silts the currents vuld trans- 

port the colloidal silica to a much greater distance. 

By means of a series of experiments it was shown quantitatively 

and qualitatively that sea-water is able to precipitate the silica 

added to it by rivers. The silica is probably not precipitated at 

once, but accmulates in the form of a colloid until it is sufficient- 

ly high concentration to be coagulated. This explains the occurrence 

of the silica in layers at varying intervals in the limestone. 

The cause of precipitation is the coagulating effect of the 

saline sea-water which can be regarded as essentially an electrolyte. 

The colloidal silica after deposition and covering by later material 

would occur as nodules of elliptical outline, elongated masses and 

as beds. 

2. Objections to the theory. (i) Arching 

of beds shows growth of the nodules subsequent to the deposition of 

the enclosing bed. It has been proved, however, that such arching 

occurs also over any object on the sea floor. (2) Method of precip- 

itation inadequate, but experimental proof has shown that direct 



precipitation can occur, and the rapid disappearance of silica on 

reaching the sea proves that it has occurred in sea-water. (3) 

Silicification of fossils proves tit replacement does occur. The 

abundance of unreplaced calcareous fossils both within and without 

chert nodules shows, however, that this sort of replacement is 

unusual, i.oreover the fact that calcareous fossils can be buried in 

the silica gel without being replaced is a strong argument against 

replacement. (4) bo chert in the initial stage of forTnation has 

ever been observed under natural conditions, but according to Mans- 

field' the present is a tne of unusual continental elevation. 

"Probably nowhere a condition of lowlands or of a peneplain that 

approaches quite the condition postulated by Tarr." (5) Dean2 says 

that "if the silica is precipitated by the salts of the sea these 

salts or at least their cations should be the principal material 

absorbed by the silica and hence form the principal impurities of 

the chert. Since sodium chloride is the salt present in largest 

amounts in sea-wster we should expect to find a predominance of 

sodium end a decided predominance of calcium and magnesium carbonate." 

(b) Siliceous springs. Davis concludes that 

there are serious objections to any hypothesis which regards all 

the silica of the cherts as due to radiolaria or other organisms. 

He regards these organisms as being merely incidental fossils which 

were imbedded in gelatinous silica. The addition of inorganic 

silica he regards as highly probable. The idea that the dilute 

l Mansfield. Sie problems of the Rocky Mt. phosphate field. Econ. 

2 
Geol., Vol. 26. 1931. 
Dean, R.S. Formc.tion of Missouri cherts. !iner, Jour. Sci., 
Vol. 45. 1918. p. 411-414. 
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silica in river water could furnish the additional silica, he 

regards as an impossible explanation, although he fails to cive 

adecjuate reasons for his conclusion. He suggests siliceous springs 

as a possible source of the silica. The springs were assumed to 

be oormected with intrusions. There is no evidence as yet which 

would support the theory that siliceous springs contributed the 

silica for the formation of the Suplee cherts. 

The only intrusive bodies are those of Post Paleozoic age and 

the presence of cherts in the basal Triassic points to the con- 

clusion that the oherts were formed before the area was intruded. 

f. Theory of pene-contemporaneous origin 

Van Tuyl thinks that replacement proceeded on the 

bed of the sea possibly contemporaneous with the deposition of the 

limestone, the silica of inorganic origin having been deposited in 

a colloidal condition on the bed of the sea while the limestone was 

being formed. 

Twenhofel'- says of this theory, "according to this theory the 

silica is first precipitated and deposited (supporters of the theory 

do not state by what agency precipitation of the silica is brought 

about) on the sea floor along with the materials of the enclosing 

rock just as is advocated under the direct-chemical precipitate 

theory, after the deposition of the silica and calcium carbonate, 

However, the silica is supposed to go into solution and then be re- 

precipitated and redeposited displacing or replacing surrounding 

1 
Twenhofel, W.H. Treatise on sedimentation. 



sediments as this takes place, and eventually to become chert and 

flint nodules. 1hy this additional stage or process of solution 

following initial chemical precipitation should take place, it would 

be hard to say, especially as the dissolved silica is then supposed 

to be again precipitated and deposited in like manner as before. 

This theory can in no way account for great bedded deposits like the 

Lake Superior cherts and even its advocates use it only in explain- 

ing the origin of nodules," 

g. Summary of evidence and conclusions 

This paper will not attempt to evaluate the evidence 

for or against the various theories of chert origin, but has only 

made an attempt to fit the criteria to the field occurrences of the 

Suplee cherts in so far as observed. 

The distribution of the eherts in well defined beds and the 

rhythmic alternation of the beds of chert and limestone sens to 

favor the theory of chemical precipitation as stated by Tarr. It 

is doubtful if emanations from siliceous springs or accumulations 

of radiolaria uld produce the rhythmic interbedding noted. 

The massive beds of chert near the top of the section is con- 

sistent with Tarr' s theory. Also, since he postulates that silica 

would be brought to the seas and deposited in greater abundance 

during times of peneplanation when the work of streams consisted 

largely of chemical rather than of mechanical erosion, his theory 

is applicable. Twenhofel1states, "that the statement is sometimes 

made that cherty horizons are associated with unconformities. If a 

Twenhofel, W.H. Treatise on sedimentation. 



marked connection existed between peneplanation (with resultant 

greater chemical denudation in the later stages) and an abundance 

of limestone and chert, then chert should be more abundant in the 

upper part of a limestone bed." 

Cherts are found in the mechanical sediments of the Triassic 

and Jurassic formations. These cherts are evidently derived from 

the Paleozoic since they are often associated with limestone 

boulders containing Paleozoic fossils. This occurrence places the 

time of formation of the chorts as pre-Triassic. 

The situation seems to be the same as that cited byTarr, and 

the conclusions are obviously the same, that the time of formation 

of the chert is thereby limited to the period between upper 

Mississippian and Triassic. This be considered as conclusive 

evidence of either epigenetic or syrigenetic origin, but to be 

considered epigenetic special conditions must be postulated to ex- 

plain why the chert was formed only during this period between late 

Paleozoic and Ti-lassie. 

The presence of replaced fossils in the cherts is cited as 

being evidence of replacement, but Tarr refutes this argument by 

stating that organisms may fall incidenti1 into the soft mass of 

silica. The fact that the interior of some fossils is still cal- 

careous, the silica foaing a cru2t around the outside, may be 

considered as corroborative evidence to this statement. 

The presence of irregular patches of limestone within the body 

of the chert is also cited as evidence of secondary origin of the 

chert, since they may represent unreplaced remnants, but according 
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to Twenhofel this occurrence is as easily explained as being due to 

particles of limestone being deposited in the ohert during its 

accumulation, 

In thin-sections of limestone cherts are seen to occur as iso- 

lated fragments of subangular or rounded outline; these fragments 

consist of quartz mosaics with occasional chalcedony. There is no 

apparent relationship between the fraents and the structural or 

textural features of the limestones. Some of the limestones in whith 

these cherts occur are entirely crystalline yet at no place had the 

chert assumed the form of the replaced calcite. Either replacement 

had taken place before the crystallization of the limestone or the 

oherts were there because of some other reason. 

If the cherts were there as a result of roplac'nent before the 

crystallization of the limestone the time of formation is again con- 

fined to a definite period during which period special agents were 

operative. 

A particle of chert has been noted within the shell of a foram- 

mitera which occurs as a fossil in the limestone. This chert 

fragment is entirely surrounded by calcite arid is not connected with 

any apparent structural lines in the limestone. uoh an occurrence 

may be explained by silica entering the forain shell while the silica 

was still in the colloidal state, since to attribute the chert to 

replacement wuld neccessitate explaining why the chert occurred in 

such a minute quantity within the shell when there viere no other 

evidences of cherts near the shell. 

In the vicinity of White Butte S 16, T 18 , R 25 E and in the 
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central part of S S, T 19 S, R 25 E mechanical sediments occur which 

have a siliceous cement. Why certain sandstones 1ve silica as a 

cementing material while others do not is a question which may be 

explained by the fact that during times of flood the rivers wore 

carrying mechanical sedimentc vll as chemical sedinents. Twen- 

hofel states that when rivers were carrying mechanical sediments the 

precipitated silica would be disseminated throughout the clastics. 

The conclusion to be drawn from the facts given above are that 

Tarr's theory of direct chemical precipitation seems to best fit 

most of the occurrences of the Suplee cherts. However, replacement 

also seems to have played a minor part in the forma.on of the cherts 

though only in a few localities. Evidence for the theory that the 

silica of the cherts ny be of organic origin is also present. 

Probably no one agent can be made responsible for the forma- 

tion of all cherts, several agencies are probably operative and 

difrerent agents may orate in different localities. In the 

Paleozoic cherts evidence is at hand which shows three agents to have 

been activo; but that is no rcccon to assume that all cherts must be 

formed by these same methods, The field relationships, and occur- 

rences must be the governing factors in any attempt to solve the 

problem of chert origin. 

F. Ineous 

The igneous rock is very likely post-Paleozoic in age, but 

since it is apparently an intrusion into the Paleozoic formations it 

may well be discussed together with the Paleozoic. 
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1. Areal extent. 

Part of this intrusion is seen outcropping in the vicinity 

of Mills upper Ranch where it occurs as an e1onated outcrop corres- 

ponding in strike to the Paleozoic stratß axd as an outcrop almost 

at right angles to strike of the Paleozoic. Mills Butte, S 25, T 18 

S, R 25 F,and the prominent ridge to the west,S 26, T 18 S, R 25 E, 

as well as a few isolated hills are composed of this material and are 

surrounded by shales arid shaly sandstones, the strike of which is 

almost &t right angles to the strike of the Paleozoic ard the age of 

which has been placed as Jura-Trias. The other part of the intru- 

sion, the outcropping of which corresponds in strike to that of the 

Paleozoic is represented topographically as an elongated ridge which 

extends from the base of Iron Mourti, SE S 23, T 18 S, R 25 E to 

a short distance north of the Flatiron locality, S 5, T 19 S, R 25 E, 

where it dies out. The rock weathers to e reddish color and the hills 

composed of this material have a decided reddish cast, however, this 

is not a good criteria for determining hills composed of the igneous 

material since some of the weathered Mesozoic sandstones present a 

similar appearance. This red color is probably due to an iron oxide 

formed during the weathering of the rock. 

The intrusion atparently was made along the bedding planes of 

both Mesozoic anci Paleozoio formations and that part which is 

associated with the Paleozoic is very near the contact betvieen the 

two Periods. 

2. Megascopic description 

In the hand specimen this rock is porphyritic having a dark 
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colored, fine-grained groundinass in which are contained phenocr,sts 

of plagioclass which averages about .5cm. in cross section. On close 

examination the rock has a greenish cast apparently due to the 

presence of chlorite. The phenocrysts are fairly abundantly distri- 

buted in the grouiidmass; a cross section two em. square containing 

from five to seven phenocrysts. 

3. Microscopic description 

Under the microscope the above rock exhibits the following 

characteristics: 

Texture 

Granularity. Phenocrysts phanerocrystalline. G.M. miorocrys- 

talune. 

Crystallinity: ilolocrystalline 
g.m. 7 5 

Faine: Porphyritio, Dopatic 
Ph 1 3 

Mega phenocrysts 

Mineral composition 

Primary. 
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Phenocrysts 

Aride sine 9C 

Augite 1cÁ 

Secondary - 2% 

Groundina s s 

Augite 15% 

Magnetite 

Medium oligoclase 65% 

Oligoclase andesine 8% 

Olorite alteration product of augite 

Raolixì alteration product of feldspar 

limonite alteration product of magnetite 

Order of crystallization 

Augite and andesirie phenocrysts 

Magnetite, augite, oligoclase andesirre, oligoclase. 

Reme rks 

Phenocrysts of augite and andesine Euhedral. Augite pheno- 

crysts shows evidence of resolution around the margins. Chlorite 

also formed around margins. 

Name: A 5-7 II Px15 (I-lodge) Gauteite (Iddings) 

This rock has been called an andesite porphyry then referred 

to on the accomparing map and in the thesis. 

In the northern part of the area about a mile south of Suplee 

another intrusion occurs. The general outline of the outcrop is a 

gentle curve with the convex side of the north. This rock varies 
somewhat in ajpearartce from the above described, although the actual 

mineral content is essentially the same. 



2. Measeopic description 

Porphyritic, groundnass is dark in color and has a green- 

ish cast. The phenoorysts are 6newhat larger than those of the 

previously dexcribed rock being about .7 cm. in cross section and 

they are also less abundant, a cross-section two cm, on a side con- 

taming from three to five phenocrysts. 

3. Microscopic description 

Texture 
crystals 7 5 

Crystallinity - Hypocrystalline 
glass 1 3 

Dominantly crystalline 

C-ranula rity 

Phenocrysts - Phanerocrystalline 

Pheriocrysts of feldspar Euhedral 

Fabric 
g.m. 7 5 

Porphyritic dopatio 
Ph 1 3 

Mega phenocrysts 

Minera i e onstituexits 

Primary 

Phenocrysts 

Andesine 1CO 

Groundma s s 

Glass lc% 

iagnetite 5, 

Augite 2 

Oligoclase 5% 

Olig. ande. 60% 

75 



76 

Secondary 

Chlorite 

Limar ito 

Kaolin 

Order of crystallization 

eme 

Andesine phenocrysts. Magnetite augite, oligoclase, 

oligoclase andesine, glass 

A 5-7 P2° 

Although these two crops var' somewhat in their general 

characteristics the similarity of their mineralogical content make 

it appear quite probable that both crops are associated with the 

same intrusive mass. 
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V ECONOMIC GEOLOGY 

A. Lime stone 

The vast amount of limestone in this area is potentially of 

economic importance since some of it can be used in the manufacture 

of Portland cement and as a fertilizer. 

The cherts associated with the limestone would render some of 

it unfit for use but in various parts of the area limestones ere 

found which are exxentially pure calcium carbonate. These could be 

scooped out by means of a steam shovel, thus the cost of obtaining 

the limestone would be minimized. 

Under present conditions of transportation the expense of 

removing the limestone to the markets would be prohibitive. However, 

it is to be noted that central Oregon has these resources and future 

development of the region resulting in the improvement of transporta- 

tion facilities will no doubt see these deposits developed. 

B. Petroleum 

Unfortunately anticlinal structures in sedimentary rooks have 

come to carry a connotation of petroleum, but it is a well known 

geological fact that anticlinal structure along is not the only 

factor to be considered in searching for petroleum deposits. 

The structure of the Suplee Paleozolo is anticlinal, but the top 

of the anticline has been worn away and the individual beds truncated. 

The strata has been subjected to enormous stresses which have re- 

suited in the formation of an intricate network of joints or 
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fractures in the rock which very likely penetrate to great depths. 

Under such conditions any petroleum which may have been compounded 

by the anticlinal structure would have aple opportunity to escape. 

If the process of escaping was operating at the present time, 

oil seeps or asphalt pits should bear vlitne8s to this fact. There- 

fore, the conclusion is thRt operations for the production of petro- 

leum in this area must be of a purely speculative nature, since 

geologic evidence points to two conditions. Either no petroleum 

was ever present in the strata or it has long since leaked out throh 

fissures and the evidence of this seepage has even been wiped out by 

the geologic agent of crosion. 





o 
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VI GEOLOGIC HISTORY 

Preliminary faunal studies in Oregon by Packard' and 

Gonzales2 indicate the presence of a fauna siniilar to that of the 

Baird formation of Northern California and to others extending 

northward through southeastern Alaska. The distribution of this 

fauna indicates the presence of a seaway extending south from 

southeastern Alaska through central Oregon and northern California 

as an arm of a sea which occupied vihat is now western Europe and 

northern Asia. 

The lands bordering this trough or seaway must have been high 

with prominent headlands. Much talus accumulated at the base of 

these headlands and consequently the boulder facies along the shore 

were numerous. Fig. 6 A. 

Rivers carrying large amounts of sediments dumped their loads 

into the sea thus building up accumulations on the margins of the 

lands. Part of this material ïac distributed by the shore currents 

but large quantities of it remained in place. Most of the material 

was apparently derived from sources near the sea since it shows 

very little evidence of water sorting or transportation. This 

material was at first dropped into relatively deep water below the 

action of the waves and thcrefore remained angular. The condition 

of a rising land nass and a sinking sea bottom caused great accumu- 

lations of coarse angular mechanical sediments. A period of stability 

was reached, however, and as the mature profile was approached and 

Packard. op. cit. 
2 Gonzales. op. cit. 
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the angle of slope along the margins became lower, the waves swet 

over the beaches as a sheet flood and instead of rolling boulders 

merely pushed them slightly forward as the waves swept in, and back- 

ward as they receded. This resulted in flattening of the larger 

boulders, vhich are in such evidence in the conglomerates and 

especially in those conglomerates containing the larger sized 

cobbles. 

The sediments indicate that at the time they were being de- 

posited reefs composed of brachiopods, corals or orinoids, to- 

gether with an abundance of foraminifera, bryozoans and possibly 

calcareous algae were growing off shore. The detrital material torn 

from the reefs by wave erosion, together with calcium carbonate 

precipitated as a result of local concentrtion near the reefs, were 

deposited with the mechanical sediments and formed interdigitating 

deposits of limestone and mechanical sediment. Fig. 6 B. 

Peneplanation of the land mass followed, Fig. 6 B, accompanied 

by the deposition of a large body of chert. The chert representing 

the silica which had been derived from the land by chemical denudation 

and deposited in the sea by the chemical action of the salts of the 

sea water. The cherts represent the last deposition before the end 

of the period and are thus associated with an unconformity. 

Following this, these sediments were uplifted, though not 

greatly deformed, Fig. 6 0, and the area was apparently the source of 

material for Mesozoic strata, deposited in seas which at one time or 

another during the esozoic era lapped on all sides of the Paleozoic 

land mass. 



Diagram illustrating the following 
stases in the geologic history of the 

Paleozoic series: 

d. Folding of sediments 
e. Folding and faulting 
f. Erosion 
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Iountain making then predominated throughout the whole region, 

and the Paleozoic and Mesozoic sediments were thrown into steeply 

dipping folds, the strike of which was approximately north and south, 

Fig. 6 D. This was followed by deforxnational stresses operating 

from the north and south which contorted the antiolines formed by 

the previous deformation and apparently accompanied by faulting with 

both horizontal and vertical displacement which threw the Jurassic 

entirely out of position so that the strike of the Jurassic strata 

was cut off by Paleozoic strata striking aLnost at right angles to 

it. Fig. 6 E. 

The consequent streams down the slopes became controlled by the 

jointing which resulted f rom the deformational stresses and breached 

the Paleozoic anticline in the south and doubtless in other places 

also. Fig. 6 F. 

The Paleozoic was probably generally of higher elevation than 

the surrounding country and an escarpment resulting from the faultir 

separated it from the Mesozoic on the east. 

Over this physical set-up the late Tertiary lavas were poured, 

Fig. 6 G. They covered the 1iesozoic and perhaps abutted against the 

Paleozoic escarpment, and flowed up the drainage channels on all sides 

of the Paleozoic land mass, damming the streams and producing tem- 

porary base-levels through which the streams gradually cut. The 

event was registered by the filling of the stream valleys and the 

meanderixig of the streams over these filled valleys while it cut 

through the surrounding lavas. 



Post-Tertiary deformation produced a divide in an east-west 

direction across the area from ade Butte to Iron Lrountain. Inter- 

mittant streams developed on the slopes of this divide and flowed 

into the east-west streams flowing across the area. 

The topographic features noticeable today are largely the 

result of the action of these streams which was in turn guided by 

the character of the sediments deposited by arid in the ancient seas, 

the tectonic forces acting upon these sediments and the volcanic 

disturbances which changed the character of all the regions over 

which they were active. 



Diagram illustrating the following 
stages in the geologic history of 
the Paleozoic series: 

g. Flooding by Tertiary lavas 

h. Subsequent erosion producing 
present topographic features 
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VII SUÌIRY 

The Paleozoic series occurs as a window in the Tertiary lavas, 

the lavas forrnin on the north, viest and south sides of a 8emi- 

circular escarpment about the mature Paleozoic hills. On the eastern 

side the ì4esozoic abutts against the Paleozoic, the contact being 

narked by a well defined escarpment cornosed of Paleozoic cherts. 

The area is subdivided into three sub-sections, the divisions 

being made according to the type of toporaphy. The topography is 

found to be directly dependent upon and resulting from the structure 

and lithology of each particular sub-section. 

The drainage system consists of four master streams which cut 

directly across the strike of the strata, and subcoquent strcns 

eroding at right angles to the master streams in the less resistant 

strata forming a trellis drainage pattern. 

The direction of the master streams is the result of system of 

joints and their relation to the drainage slope. The structure of 

the series is anticlinal, the axis of which shows evidence of deform- 

ation due to longitudinal thrusting from the north and south, the 

axes of warping are so spaced that they divide the anticlino into 

three approximately equal sectors, so that the crest of the anti- 

dine forms a symmetrical revorse curve. The Paleozoic series is 

apparently structurally conformable with the overlying Mesozoic 

formations but a hiatus must occur between the two. 

The jointing is very complex; however, the more prominent joints 

appear to have a direct relationship to the deformation of the area. 
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Faulting is not extensive, and conclusive evidence for any- 

thing but very minor movements has yet to be found, although there 

is some evidence that major movements have taken place. 

The area is composed of limestones, mechanical sodionts, and 

chorts with post-Paleozoic intrusives. The limestones are thought 

to be due to reefs and to detrital material derived from the reefs 

being interbedded with the mechanical sediments derived from the 

land. 

The sandstones and grits are composed mainly of cherts, but due 

to their occurrence as interbeds with the limestone and the lack of 

Paleozoic limestone fragments incorporated within them, points to 

the conclusion that they must be considered as part of the Paleozoic 

series. They are composed mostly of angular or sub-angular frag- 

ments and apparently vere deposited as deltas on the nrgins of the 

pre-Mississippian land mass. The conlomorates usuallycontain 

flattened boulders which are thought to have become flattened by a 

backward and forward movement on the beach. 

The cherts are van-colored and the occurrence and field 

relationships indicate that a snail percentage viene formed by 

replacement, sane may have been due to the accumulation of organisms, 

while the majority apparently are the result of chemical precipi- 

tation. 

Igneous bodies of post-Paleozoic age have been intruded as 

dikes into the Paleozoic sediments in various places on the 

eastern flank usually near the Paleozoic-Lresozoic contact. 



These rocks have been classified as andesite porphyries. 

At the present time the region is of very little importce 

econnicauly since petroleum possibilities are very meager and the 

liinestones too far from market. however, improvements in the 

traxìsportation facilities n.y cause the limestones to become of 

economic importance. 

The sediments were deposited in a seaway which extended from 

northern California through Oregon to southeastern Alaska as an 

arm of a sea which coverd what is now western Europe and northern 

Asia, The condition of a rising land mass and a sinking sea 

bottom caused great accumulations of coarse mechanical sediments. 

Reefs growing off shore contributed detrital material which to- 

gether with the calcium carbonate precipitated by local concentra- 

tion near the reefs formed beds of calcareous material which 

interfingered with the mechanical sediments. 

As the land mass approached peneplanation silica transported 

to the sea by the rivers was deposited and became chert beds. The 

sediments were then uplifted and deformed. Tertiary lavas poured 

out and surrounded this uplifted mass but did not cover it entirely, 

thus producing a marked topographic unconformity. 
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