
CHAPTER III.-STRUCTURE 

GEhYRAL STATEMENT 

The Cariboo River map-area is divided into four major structural units that 
coincide in part with the two major physiogwphic units. The Cariboo Mountains are 
formed of rocks that are structurally up-arched relative to rocks of the Quesnel 
Highlands. In the mountains there arc two major structural units-the Lanczi arch 
and the Isaac Lake synclinorium. The chain of lakes contains the Lanezi arch. and 
the mountains east of Isaac Lake form the synclinorium. The Quesncl Highlands 
southwest of the mountains are formed nIso of two units--the isoclinal fold belt 
underlain by the Cariboo Group and the Slide Mountain trough. Northeast of the 
map-area, between it and the Rocky Mountain Trench, is another mnior 
anticlin”ri”m. 

The structures west of the lower Cariboo River in the tightly folded Cariboo 
Group have been treated at length in the Yanks Peak-Roundtop Mountain (No. 
341 and Antler Creek (No. 38) bulletins. Alibouoh Dart of the area west of the 1 L.& 

river is shown on the maps of the present bulletin, the discussion of structures within 
it is cursory. A very brief account of structures east of the lower Cariboo River and 
in the Lanezi arch was given in Bulletin No. 38. 

The structures in the Cariboo River area are much better exposed to direct 
observation than those in the Antler Creek and Yanks Peak-Roundtop arcas, in 
which the ideas of structure and stratigraphy wxc the result of compilation of study 
of many individual outcrops. Field work in the Caribou River area was rapid 
because far less observation was required than previously, but many structural corn- 
plait& and problems remain to be solved by more detailed work. 

FOLDS 

The following discussions are concerned primarily with folding, but some dis- 
cussion of faulting is included to aid understanding. The patterns of folds and of 
some faults arc r&ted, and then processes have been partly synchronous. Strike 
faults in particular seem to be related to the folds in distribution as well as in 
orientation. 

Folds in the diierent structural units are discussed separately, starting with the 
isoclinally folded rocks in tbe Kimball Creek area, and successively with the Slide 
Mountain trough, the Lanai arch, and finally the Isaac Lake synclinorium. 

The Kimball Creek area, in the Quesnel Highlands on then southwest flank of 
the Lanezi arch, is underlain principally by isoclinaUy folded rocks of the Cariboo 
Group. Compression and overturning of folds increases toward the southwest from 
the gently folded flanks or the arch. 

The main part of the Kimball Creek arca was mapped by Lang ( 1940, Map 
561~3, but differently from the writer. The differences ‘are more stratigraphic than 
structural, but the structural interpretation is greatly aflcctcd by them. In Bulletin 
No. 38 (pp. 57-58) the differcnccs wcrc explained as follow- 

“ Lang’s map showed a syncline which is occupied unconformably by the Slide 
Mountain and Cariboo groups (that is the same as the Black Stuart syncliiorium of 
Figure 14), 4 major strike fault on the northeastern flank of the syncline cuts off 
the Slide Mountain group. and the Cariboo group rocks cannot be correlated across 
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the fault. A small area of Cambrian strata occurs bctwecn the fault and the trough 
of the synclime, which strata are conformable with the Cariboo group but are not 
named or included with them. A thick limcstonc, named the Jackpot, occurs on 
the northeast limb of the syncline as part of the Slide Mountain group. This lime- 
stone pinches out rapidly to the southeast and does not appear on the southwest 
limb. Lang (1938, pp. 14-15; 1947, pp. 31-32) reported that Carboniferous OT 
Permian ‘ poorly preserved corals ’ were collected from the Jackpot formation but 
listed none in either publication.” 

In contrast to Lang, the writer found the Slide Mountain Group no farther 
southeast than the mouth of Tinsdale Creek, where a normal section from basnl 
Guyet conglomerate upward is found dipping gently northwestward. The Black 
Stuart syucline invoIws only the Cariboo Group, from the Cunninghhnm Limestone 
to the Midas Formation. The Cunningham Limcstonc is continuous in outcrop from 
Turks Nose Mountain to Kimball Ridge and around the syncline~ to the Roundtop 
Mountain area. Cambrian fossils have been found at a number of localities in the 
limestone from Turks Now Mountain to Kimball Ridge, including areas previously 
assigned to the Jackpot Limestone of supposed Carboniferous or Permian age. 

The fundamental structure of the Kimball Creek area is a series of folds 
descending to the southwest from the culmination in the mountains, the Lane6 arch. 
The structure of the area is illustrated by sections G-G’: H-H’, I-I’, J-J’ of Figure 3. 
Of these folds, the most important are the Cunningham anticlinorium, the Black 
Stuart synclinorium, and the Kimball syncline. The latter may be a duplication by 
faulting of the Black Stuart synclinorium. All folds are deflected from the regional 
strike to a more easterly orientation. In general the folds are gentle adjacent to the 
southwest flank of the Lanai arch and along Spectacle Lakes. The folds become 
progressively more compressed and more overturned toward the south. Metamor- 
phism also increases toward the south, so that the limestone and phyllites of the 
north become respectively sugary marble and amphibolite, garnet, and microclinc 
gneisses. 

The most readily observed fold in the area is the Black Stuart synclinorium, 
which is outlined by a thin quart&e and limestone (Yanks Peak) that outcrops 
boldly between the Yankee Belle and Midas Formations. The shape of the plunging 
keel is shown also by the top of the Cunningham Limestone. The synclinorium is 
slightly overtumcd to the south, with the north limbs near vertical or slightly over- 
turned and the south limbs dipping 45 to 60 degrees to the north. Axial plane 
schistosity is well developed, but not 50 prominently that it obscures bedding. The 
fold is not as compressed as the Cunningham anticlinorium to the south or most 
folds in the Antler Creek area. The syncline plunges northwestward at 30 to 40 
degrees, from the Cunningham contact at the keel to about Anderson Creek? but 
beyond plunges at 10 degrees. East of the Cunningham-Yankee Belle contact the 
plunge becomcs gentle. The axis is deflected from the normal northwesterly trend 
to east-west at the eastern limit of mapping. This deflection is somewhat more 
marked than it is in the other major folds and, taken with the steep local plunge, 
may indicate that the rocks wcrc shouldered aside by the Little River Stock. 

South of the main synclinorium and west of the stock, an anticline, one of a 
number that form part of the Cunningham anticlinorium, is warped and truncated 
by the stock (compare sections I-I’ and J-J’). The fold plunges westward at 15 to 
25 degrees, and the south limb is overturned to dip 75 degrees north. 

The Cunningham anticlinorium becomes more widely exposed to the southeast 
than it is northwest of the Cnriboo River, as successively tnore anticlinal folds are 
revealed. In the south thcrc folds become more overturned. the anticlines having 
long. moderately dipping north limbs, sharp crests. and steep short overturned 
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soutbcrn limbs. This pattern is most readily seen in the minor folds (xe Plate 
XXI), but it is true also for the major ones, such as those just north of the Little 
River and its main tributary. Cleavage and schistosity are developed, even in the 
limatones, and bedding is commonly diflicult to distinguish. The plunge is more 
moderate than that of the Black Stuart synclinorium or the folds south of the Cm- 
ningham anticlinorium, and ranges from 10 to 25 degrees westward. 

The relationship of the low-grade rocks with the medium-grade metamorphic 
rocks south of Maeford Lake is not simple. SuperficialIy, the sugary limestones 
south of Maeford Lake appear to overlie the schists and g+sscs with a dip of about 
40 degrees to the north. Bedding wzs not recognized wth certainty, and cleavage 
in the fine-grained marbles was not very pronounced. The evidence seen did not 
indicate positively that the contact structure is an attenuated overturned anticlinc, 
RS shown in the sectionz or whether it is a thrust fault. The stratigraphy and structure 
of the metamorphic rocks to the south do not rule out either possibility. The serial 
chauge in style of foldinu to the south is completely in harmony with either concept 
because the fold, if it e&s, would be entirely similar in nature to a thrust. Recent 
mapping by Campbell (Maps 3 and 42, 1961) shows major faults in the valley of 
Maeford Lake, and also that the limestone south of the fault is part of the meta- 
morphosed equivalent of the Snowshoe Formation. 

The folds in the metamorphic rocks were examined very briefly. The main 
fold recognized is a very s&ply plunging syncline with attendant dragfolds. The 
axial plant trends northwestward and dips about 75 degrees northcast. The’plunge 
is about 45 degrees northwest near the central peak of Three Ladies Mountain but 
lessens both east and west. The rocks adjacent to tbc Cunningham limestows arc 
pwrly exposed and the structure is uncertain. 

North of the Black Stuart synclinorium the main fold is the Kimball syncline. 
This fold is outlined at its plunging keel by the tract of the Cunningham Limestone- 
Yankee Bellc~ contact. The structure is also clearly shown along them transverse ridge 
at Kimball Mountain west of Comet Crcsk. The Kimball fault truncates the south 
limb, and west of Kimball Mountain cuts across the axial plane. The synclinc 
plunges westward at 45 degrees at the limestone contact in the east and at 20 dsgrccs 
at Kimball Mountain. The fold is moderately compressed and slightly overturned 
to the south. Schistosity is only slightly developed. The north limb east of Comet 
Creek is complicated by a numhcr of minor folds. The movement on the Kimball 
fault is not known, but it may be such that the Kimball spncline is a duplication of 
the Black Stuart syncline. 

Folds northeast of the Kimball syncline are poorly exposed but are rather 
simple in outline, being mostly open and upright. 

The Slide Mountain Group is folded parallel to the Cariboo and Kaza Groups. 
The folds are generally open and upright and plunge gently northwestward, bedding 
commonly dips less than 55 dcgreesl and the rocks have no axial plane schistosity. 
Individual folds are not well defined, partly Fccause much nf the group consists of 
massive volcanic rocks and partly because of lack of outcrop in the Spectacle Lakes 

The trough appears to be formed of two synclines which merge southeast of 
Antler Creek. The southwestern syncline is well defined from Slide Mountain to 
Antler Creek. hut the northeastern one is not well defined. The sequence of out- 
crows on the islands at the north end of Spectacle Lakes indicates that at the eastern 
side of the trough the basal conglomerati and crinoidal limestone dip to the west. 
The remainder of the casIcrn side is covered at the southeast end of the trough. 



South of Mount Tinsdale the rocks dip gently northwestward. Sections A-A’, B-B’, 
C-c’, and E-E’ show parts of the Slide Mountain trough. 

Within the laws there are contorted layers of bsndcd chat. The strwt~c 
outlined by the pillow lava shows that the contortions are probably the result of 
penecontemporaneous deformation. 

The alignment of then Slide Mountain trough with the Black Stuart syncline may 
or may not indicate a relationship between them. There is no apparent reason why 
the trough should bc localized on the earlier fold, and although the sedimentary 
characteristics of the Guyet Formation favours the idea of localization of the trough 
by bounding faults, no such faults were detected. Regardless of its or@“, the 
folding of the trough would certainly have accentuated pre-existing structures in the 
Black Stuart synclinc. 

LANEZI ARCH 

The Lanai arch is the largest structural unit of the area. It exposes rocks 
of the Kara Group in a broad whale-backed anticline 12 miles wide in the south 
and 8 miles wide in the north. The arch plunges northwest. Secondary Colds, 
although fairly large, are minor in comparison. The anticlinal core of Kaza Group 
is flanked on the southwest by a series of gentle folds in the Cunningham Limestone 
and Isaac Formation. These are transitional to the isoclinal folds in the Cariboo 
Group to the southvat. On the northeast the arch is Aankcd by the Isaac Lake 
synclinorium, which is separated from it by a fault zone. 

The over-all anticline is somewhat whale-backed, as is shown in the sections 
B-B’ to F-F’ of Figure 3. Dips are steepest adjacent to both flanks and range from 
35 to 60 degrees. In general the flanks are not well exposed, and large secondary 
folds may be more numerous than is shown. The anticline plunges gently north- 
westward. as shown by the plunges of individual folds. and by the constriction of 
outcrop of the Kaza Group in the northwest. The only si,eificant outcrops of 
Isaac Formation within the mountains of the park are near the northwestern end. 
and this tendency to hood over the Kazn Croup continues to the northwest. Beyond 
the map-area. between Indianpoint and Haggcn Creeks. Cunningham Limcstonc 
and Isaac Formation seem to completely cover the Kaza Group. 

Comparison of section B-B’ with F-F’ shows the decrease in height of the crest 
of the fold. The amount of plunge_ judged by comparing the s&Ions, is 5 or 5 
degrees. Plunges of many of the minor folds are 10 to as much as 20 degrees. 
with relatively few plunges to the southeast, except near Lanezi Lake. The diffcr- 
ence between the indicated plunges and the average plunge may be the result of 
cast- or south-dipping norms1 faults, as is the case in the adjacent Antler Creek 
area (Bull. Wo. 38; pp. 54-55) and the Isaac L~ake synclinorium. Small normal 
faults in such a large group of similar rocks are not readily detected, nor are they 
easily distinguished from the numerous large joints. 

The as& of the L~anezi arch is shown by a continuous line on the map (Fig. 2), 
but in reality it seems to have small offsets from one group of peaks to the next. 
The axis may follow a series of slightly in echelon minor folds. or it may he offset 
by transverse faults in the transverse valleys. 

Minor folds range in size from the anticline on Kaza Mountain, which is some 
3.000 feet from limb to limb, to microscopic crenulations. The larger individual 
folds do not have much continuity and cannot be traced positively more than a mile 
or two. An exception is the anticlinc on Kaza Mountain (see Plate VII) ) which 
may be traced from Lanczi Lake for about 6 miles. Most of the secondary folds 
are fairly gentle, but some near the flanks are quite sharp. The relationship between 
bedding, axial planes of folds, and schistosity are quite varied and are discussed 
later under schistosity. 
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The general structure of the arch is illustrated in the sections, Figure 3, and 
also in Plates V, VII and VII, which show the central part of the arch and the 
Kaza anticline. 

The generally simple picture is complicated by consideration of the schistosity, 
the metamorphism, the boundary of the northeast limb, and the minor folds in the 
northeastero corner of the park. The last named are folds in calcareous phyllites 
and limestones of the Isaac Formation and the micaceous quartzites and schists of 
the Kaza Group. Although the over-all relations appear normal, the details arc not. 
In general the rocks northeast of the axis dip to the northeast and plunge nor& 
westwrd, but the minor folds in the Isaac Formation trend 30 to 40 degrees more 
westerly than the main structure and are sharply overturned toward the north. 
Some dragfolds in the upper part of the Kaza Group show interbed movement oppo- 
site to that resulting from normal stratiform folding. These dragfolds arc recum- 
bent. The largest seen, on Mount Peever, is at least 200 feet in wave length Both 
the overturned folds in the Isaac Formation and the recumbent ~cverx dragfolds 
indicate D movement of uppermost beds to the north or northeast, contrary to that 
involved in formation of the arch. The matter is considered again in regard to the 
Isaac Lake fault zone and imbricated synclinorium (pp. 56-57). 

The folding on the southwestern hmb of the arch is generally gentle, with dips 
commonIy 10 to 30 degrees. The isolated outcrops in the wide valley of Spectacle 
Laka do not permit a detailed appraisal of the structure. Jn general there appears 
to be a broad syncliie with some gentle warps, flanked on the southwest by an 
anticline that toward the south becomes quite sharp. The structure appears to 
become more disturbed toward the south, and near Sandy Lake it appears likely 
that faulting is important, although little is known about it. The Kimball fault 
probably strikes along the foot of Turks Nose Mountain. Bedding attitudes suggest 
either an east-west fold 01 fault at Sandy Lake. 

IS.AAC Lxn SYYCLIZURIU:II 

The Isaac Lake syuclinorium flanks the Lanezi arch on the northwest. It is 
a complicated system of moderately tight folds and par&l normal and thrust 
faults that, considered as a whole, is compressive and synclinal. Its syuclinal 
nature is apparent from structural and stratigraphic evidence. It is formed pre- 
dominantly of lower Cariboo Group rocks in contrast to the Lanai arch to the 
southwest and another anticlinorium to the northeast. As in all other parts of the 
map-area, individual folds plunge to the northwest. The southwestern boundary 
of the unit may be taken as Isaac Lake. The northeastern boundary is not as well 
defined, but lies roughly along the line of limestone peaks that extend southeast from 
North Star Mountain. 

There is a close relationship between folds and strike faults in the synclinorium. 
Fold axes and fault lies are very nearly paraIle1, and most faults transect folds 
at points of major ffexure. Furthermore, northerly OI northeasterly normal faults 
cut both folds and strike faults. Hence, if the folds and strike faults are not syn- 
chronous, the one must have been influenced by the other, and both were completed 
before the cross-range normal faulting occurred. 

The structures of the synclinorium arc shown on the map, Figure 2, and by 
the sections (Fig. 3), especially C-C’, which shows the full width. Figures 8; 9, 
and 10 and Plates I, VIJI, IX, and X show some details. 

The southwestern “ edge ” of the synclorium is bordered by the Isaac Lake 
fault zone, which is a complicated zone not entirely understood. It will be con- 
sidered iu somewhat more detail (pp. 53-54). It is suJ3icient here to point out 
that the fault zone truncates units at the north end of Isaac Lake, and at the 
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F&we 8. Ceokqical diagram of Amos Bowman fault and syncline, from Plate X, 

south end consists of two main strands. In appearance sod in relation to the fold 
structure in the Isaac Formation, the faults resemble thrusts dipping about 60 
degrees to the northeast, but as they appear to drop the units on the northcast thcrc 
may bc involved a complicated type of movement that will be considered later. 
Whatever the nature of the Isaac Lake fault zone. it is related to a group of secondary 
folds that are ovcrtumed to the southwest and rise to the northeast in a step-like 
manner. South of Betty Wcndle Creek these folds are in Isaac Formation, and 
north of the creek are less sharply developed in Cunningham Limestone. Lower 
Betty Wendle Creek appears to mark the trace of an east-west fault because strut- 
tures do not match across it. 

South of Betty Wendle Creek the first major fold is a syncline which is over- 
turned to the southwest and is broken near the axis by a normal fault that dips 75 
to 82 degrees northeast and is very nearly coincident with the axial plane. As do 
other folds of the synclinorium. this syncline strikes north 40 to 50 degrees west 
and plunges 8 to 10 degrees northwestward. Cunningham Limestone on the west 
limb is faulted against Yankee Belle Formation on the other. The amount of both 
formations increases northwestward because ol the plunge. Plate X shows the 
fault and fold viewed northward from Mount Amos Bowman, and Figure 8 shows 
a geological diagram of the same view. Plate I show a distant view of the syncliie. 

The strata rise northeastward from this syncline to a gentle anticline and syn- 
cline, about which less is known. Cunningham Limestone forms the upper parts of 
the mountains carved from these folds. The limestone is cut off sharply on the 
northeast by a nearly vertical normal fault. 
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AI1 these structures have their approximate equivalents north of lower Betty 
Wendle Creek. The rising series of minor folds occurs in Cunningham Limestonc 
at the base of the mountains. Next on the northcast is the overturned syncline, but 
if this is the continuation of the one to the southcast, it is more complex and the 
fault at the axial plane is not everywhere evident. The continuing northwest plunge 
is evident in the younger rocks involved in the folds, the core being filled with Yanks 
Peak Quart&e. At section C-C’ the syncline is complicated by two panking syn- 
climes and by intense dragfolding. especially in the Yankee Belle Formation. The 
axial fault has reverse movement, the opposite to that of the fault to the south. The 
east limb of the combined syncline dips southwestward at 80 dcgrces and the west 
lib at 30 degrees northeast. Plunges of dragfolds vary from 5 to 15 degrees to the 
northwest. The syncline is broken by northerly and northcastedy faults which clearly 
lit the western block. The width of the Yankee Be~lle-filled portion oF the syncline 
is progressively reduced in each successive block to the north, and on Wolverine 
Mountain the proiected keel of Yankee Belle Formation iust misses the surface of 
the slope. . . 

The next anticline to the northeast is considerably sharpeI than its equivalent 
south of Betty Wendle Creek, as can be seen by comparing section C-C’ with D-D’. 
The west limb dims southwestward at 75 dcmecs and the cast at 20 to 55 demres 
northeast. The &is is tom by a small fault iear the crest and is cut off sharpi; by 
a steep normal fault which is probably the same as the fault that cuts off the limc- 
stone south of Betty Wendle Creek. The fault is coincident with a syncline. Plate 
VIII shows an oblique view of thcsc structures from the northwest, and Figure 9 
shows a geological diagram of the same view. 

From this fault and syncline northeastward to the Betty Wendle Creek thrust 
there is a monoclinal succession of Yanks Peak Quartzite, Yankee Belle Formation, 
and Cunningham Limestone, all dipping 40 to 65 degrees southwestward. 

@g Yanks Peak Quartzite tEa Cunningham Limestone 

m Yankee Belle Formation 



The Betty Wendle thrust dips northeastward at 48 degrees. The east block 
brings up a nose of Kaza rocks and a succession of secondmy folds descending to 
the northeast and outlined by the limestones in the Isaac Formation and the Isaac- 
Kazn contact. The axial planes of these secondary folds dip from 60 to 75 degrees 
northeast. 

The easternmost fold of the Isaac Lake synclinorium is a faulted syncline simi- 
lar to the first one in manv resoects. It trends southeast from North Star Mountain , I 
and the tops of the next three peaks to the southeast. The syncline appears abnor- 
mal. inasmuch as the schistosity indicates an axial plane dipping about 65 to 70 
degrees northeast. but the southwest limb dips 60 degrees northeast and the north- 
east lib dips 20 to 25 degrees southwest, The fault dips northeast at 75 degrees 
and is normal. Plate 1X shows an aerial view of these structures from the south, 
and Figure IO shows a geological diagram of the same view. 

Beyond the Isaac Lake synclinorium to the northeast a series of folds rises to 
a culmination cast of the Milk River. These folds are formed in Isaac Formation 
and Kaza Group rocks cast of the map-area. but north OF the Goat River are formed 
in the overlying Cunningham Limestone. 

SCHISTOSITY 

The development of schistosity is variable from one locality to another or one 
rock type to another. The localitics with the most intense schistosity are the iso- 
clinally folded belt of the Cariboo Group, the Lanezi arch: and the southwestern 
part of the Isaac L&e synclinorium. The areas of least schistosity are the Slide 
Mountain trough, where there is essentially none, and the gentle folds flanking the 
Lanai arch to the southwest, where limestonc is the chief rock exposed and schis- 
tosity is slight. In several areas there is a progressive development of schistosity. 
For example. from the Matthew River vallev toward the southeast there is a progres- 
sivc increase in axial plane schistority coincident with increased compression of the 
folds in that direction. There is a similar increase in the Isaac Lake synclinorium 
toward the southwe~st and the area of tighter folding. Characteristically, the fine- 
grained clastic rocks have the highest development of schistosity in any one locality. 
In the coarser elastic rocks the greater the quantity of matrix or the less the sorting, 
the more intense the schistosity. Pure carbonate rocks are not rcudily rendered 
schistosc, but they do become remarkably schistose at numerous localities, as for 
example the tight folds in the southwestern part of the Isaac Lake synclinorium or 
in the Cunningham anticlinorium. 

Schistosity in the Kaza rocks of the Lanai arch is intense and shows a sequen- 
tial change in its relationship to bedding. In all other parts of the map-area, schis- 
tosity is subparallel to the fold axes. In the Lanai arch, schistosity is pamlIe to 
axial planes in some of the larger secondary folds: and on the flanks of the arch is 
steep and hence subparallel to the main axial plane. However, there is a progressive 
change toward bedding schistosity toward the main axis, where both the bedding 
and the intense schistosity are essentially flat. On the flanks the schistosity dips 65 
degrees or more away from the axis; secondary folds are either upright or slightly 
overturned toward the axis, and the schistosity is commonly parallel to their z&I 
planes. However, on approaching the axis, especially from the southwest, the schis- 
tosity dips progressively less, and more nearly parallels bedding until. near the axis. 
the two are parallel and essentially flat. This sequence of change is first apparent in 
the finer-grained rocks, and bedding schistosity is reached in these farther away from 
the axis than in the coarser rocks. Schistosity surfaces may be fairly planar on the 
flanks and in the axial region, but bctwcen they are commonly warped; coarser beds 
have sigmoidal shapes in section: and finer beds have crenulatcd shapes. Both types 
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of warped planes indicate continued movement on bedding planes with tectonic 
transport toward the axis greatest in the upper beds. The development of all these 
features is asymmetric, being much greater southwest of the axis. The recumbent 
reverse dragfolds near Mount Peevcr may be related to the greater development of 
interbed slip southwest of the axis. Plates XV to XVIII illustrate various phases of 
the schistosity discussed above. 

FAULT SYSTEMS 

Faults in the Cariboo River arca are important. and some involve large dis- 
placements. Many form part of extensive fault systems. The main systems are 
strike faults in the Isaac Lake imbricatcd synclinorium, northerly and northeasterly 
transverse normal faults, and minor faults about the Little River Stock. The Antler 
Creek fault belongs to the northerly system and the Isaac Lake fault zone to the 
strike fault systems, although each has characteristics not common to other faults in 
thz system. Major faults that are not part of a known system include the Kimball 
fault, the possible Little River fault 7*3ne, and a possible fault in the lower Cariboo 
River valley. 

STRIKE FAULTS 

The oldest system is that of the strike faults of the lsaac L,ake synclinorium. 
These faults have been treated brieily in the discussion of the folding of the syn- 
clinorium (pp. 48-49) because they appear to have been formed at a late stage 
during the folding. They strike parallel to fold axes, and most of them occur at 
points of major flexure. They arc older than the north& and northeasterly striking 
faults. The strike faults include steep reverse and normal faults, a thrust fault of 
moderate dip, and the complicated Isaac Lake fault zone. The latter zone bounds 
the system on the southwest, and the easternmost large fault of the system as mapped 
is on the southwest side of North Star Mountain. The faults will be described from 
northeast to southwest. 

The North Star fault is n normal fault that strikes about north 50 degrees west 
and dips about 75 degefs northeast on the avcrage. It cuts the top of the south 
peak of North Star Mountain, whcrc it is very evident. This is shown on Plate IX, 
which is taken from the air looking north. Figure 10 is a geological diagram of the 
same view. Vertical movement is not easily assessed, possibly because of some 
lateral separation, but the east block appears to have been dropped about 1,000 to 
1,500 fee~t. This fault has not been continuously traced to the southeast. It dots 
not show well in the Isaac Formation phyllites and is probably cut by a northeasterly 
fault at the head of the central branch of North Star Creek. 

The next fault to the southwest is the Betty Wendle thrust, which is concenlcd 
by alluvium to the south, but from Betty Wendle Creek can be traced to the Goat 
River and on to Wolverine Creek. It strikes uniformly about north 55 degrees west 

and dips 48 degrees northeastward. It raisers a rolled nose of Kaza and Isaac For- 
mations over Cunningham Limestone and hu a thrust separation of 2,000 feet or 

somewhat more. The thrust is shown in sections B-B’ and C-C’. The steep north- 
west slope of the mountains of the southwest block north of Betty Wendle Creek 
represents the actual fault plane from which the upper plate has been eroded. 

The next fault to the southvTest has no convenient geographic name. It is a 
nearIy vertical fault striking about north 45 degrees west and dipping 80 degrees or 
more to the northeast. The northeast block appears to be dropped about 3,500 fat. 
The fault can be traced from near Wolxrine Mountain southeut to Betty Wendlc 
Creek, where it seems to bc offset to the cast. The fault is shown on sections B-B’, 
C-C’, and D-D’. Plate VIII and Figure 9 both show 30 oblique view toward the 
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Figure 10. Geological diagram of Norh Star Mountain, from Plate IX. 

east; the fault can be seen to have no expression on the upper slope of the mountain 
even though there is a major difference in rock character and attitude a.xoss the 
fault plane. 

The next major fault to the southwest is the Amos Bowman fult, which stikes 
about north 4.5 dcgrccs west on the average and dips 75 to 82 degrees northeast. 
It is a normal fault that appears to drop the eastern block as much as 2.000 feet. 
The fault can be traced from the delta of Betty Wendlc Creek southward to a high 
valley in the southeast that is parallel in trend. This fault is shown in sections D-D’. 
E-E’, and F-F’ and in Plate X and Figure 8. The latter is a geological diagram of 
the plate. The Amos Bowman fault has not been identified north of Betty Wendlr 
Creek. A lesser fault near the axis of the syncliie~ north of the creek is a reverse 
fault and is too Ear to the east to be its equivalent. 

The westernmost of the series is the Isaac Lakes fault zone, which is n compli- 
cated zone not fully understood. The fault has two strands south of Betty Wcndlc 
Creek. The zone is entirely under the lake or covered by alluvium north of thz 
creek. There is structural and stratigraphic evidence of a fault at the mouth of 
Wolverine River: but the fault is not exposed. The fault zxme is well exposed along 
the avalanche chutes on the slopes of Isaac Lake south of Betty Wendle Creek, 
although it is di6icult to recognize in ordinary calcareous phyllites of the Isaac 
Formation. Where the rocks of the 7ane are water-washed, thev are seen to be very 
heterogeneous, ranging from mylonitic or more co;lrsely comdinuted rock to rock 
containing attenuated, torn, and isolated isoclinal folds. In much of the zone_ hcd- 
ding is not rccognizcd. except in fragments. but there is a marked secondary foliation 
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and sometimes a line&ion. Plate XXII illustrates cornminuted calcareous phyllitc 
and limestone of the fault. The complete zone is about one-half mile wide, wthin 
which there are two strands of greatest intensity. These strands nppcar to dip about 
60 degrees northeast, and the over-all strike is between north 40 to 45 drgrccs west. 
The fault strands arc related to overturned folds which commonly have overturned 
limbs on the western side and relatively flat upright limbs on the e~astern side. Above 
and to the northeast of the two main faults, a similar pattern of folding affects the 
Isazic Formation. The fold-fault pattern suggests a high angle thrust, but the net 
separation appears to let the eastern block down. 

The present information is insunicient to dctcrmine the nature‘ or movement of 
the Isaac Lake faults or the relation of the faults to the flanking block of Kaza rocks 
in the arch. The wide zone adjacent to the faults covered by lake. drift, or alluviom 
seriously limits observation in the critical area. Scvoral explanations for the prcs- 
entlp known facts arc possible. There may havc~ been two or more periods of faulting 
with ditIcrcnt types of movement, a single complex movement, or normal faulting 
on an undetected fault perhaps under the lake. However, it seems possible that 
some small thrusts subparallel with bedding in the flank of the arch might form to 
compensate for downwarping of the easttim flank, of which possibility there is 
mne evidence. 

NORIH AN” NORTHEASTERI~Y FAULT SYSTE\IS 

A large number of faults striking northward and northeastward were believed 
in the adjoining Antler Creek area to be r&ted members of a single stress system. 
Ihey appear to dip steeply to the cast or southeast and drop the eastern or south- 
eastern side (see Bull. No. 38, pp. 53-55). Most of them arc‘ relatively smnll. 
The Antler Creek fault is the only vefy large one. and is the only one that hns 
apprcciable~ wrench (strike-slip) separation. In the Cariboo River area less evidence 
is available concerning the faults with the same two orientations. 

Few of these faults are recognized in the Kaza Group because the separation 
is not widcnt in such uniform stratigraphy. Doubtless they are present and may 
xxount for the discrepancy between the plunge calculated from projecting the base 
of the Isaac Formation and that indicated by the plunge of minor folds. There are 
indications that the valleys of Huckey Creek (and lower Betty Wendle Creckj, 
Hzold Creek, and possibly the upper Bowron River are eroded in valleys guided 
by northeasterly faults. The main parts of thcsc valleys are covered with alluvium, 
but in the lowcr part of Harold Creek and east of the bend of Betty Wendle Creek 
there are d&mite faults. Separations on the latter fault indicate the southeast block 
has been dropped and probably moved left. 

In the Isaac Lake, synclinorium north of Betty Wendle Creek there are scvcral 
northeasterly faults and one northerly fault. Little is known about these, except 
their approximate position and that they all seem to drop the southeastern block. 
Vnc other small northerly fault with similar separation occurs north of .McLsnry 
Lake. 

A marked breccia zone in the Cunningham Limestone has a northerly trend on 
Iltzul Ridge, and its southerly projection is aligned with a prominent lineal feature 
that is believed to be B large northerly fault. 

Northerly and northeasterly faults in the Slide Mountain-Mount Murray Range 
were considered briefly in the Antler Creek bulletin. A group of faults of similar 
orientation and slight movement occur on Mount Tinsdale. 

In the Quesnel Highlands the northerly faults northwest of the Cariboo River 
were described by Holland (Bull. No. 34, pp. 33-34). Southcast of the river they 
are neither numerous nor lugs. One was observed on Green Cone and south of it, 
Others probably escaped notice. 
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The AntIcr Creek fault is the only large northerly fault (Bull. No. 38, pp. 
55-56). It can be traced for about 25 miles, and in the Antler Creek area has a 
right-hand offset of 9,000 feet. A similar amount oC offrct is indicated by the juxta- 
position of Cunningham Limestone and pillow lava of the Slide Mountain Group 
south of Bowron Lake. Minor faulting and shearing related to this fault are well 
displayed on the islands at the north end of Spectacle Lakes. Elsewhere the course 
of the fault is covered by wide areas of alluvium. A fault of similar orientation to 
the Antler Creek fault probably exists in the valley of the lower Cariboo River, but 
little is known about it. 

A group of small faults or large joints occurs in the southern part of the axial 
ul~lc of the Lanai arch. These are traceable up to 3 miles individually: but appear 
to produce only slight offset. They strike parallel to the axial plane, about north 3.5 
degrees west, and dip nearly vertically. 

FAULTS NEAR THE LITTLE RIVER STWX 

A group of small faults exists near the stock on upper Littlc River. Two of 
these are shown on the map. Other smaller ones were seen on Anderson Ridge. 
many of them with uncommon orientations. This group of small faults may be 
related to the emplacement of the stock. 

USCLASSIFIED FAULTS 

This group includes faults that do not fit into any general class. Included are 
a number of small faults oriented in the northwcst quadrant and two large ones, the 
Kiiball fault and the Little River fault. 

The Kimball fault was first mapped by Lang (1940). It is well exposed on 
Kimball Ridge. but to the northwest and southeast its course is conjectural. Its 
strike varies from north 45 degrees west in the northwest to north 75 degrees west 
in the southeast. The deflection of strike from southeast to e~ast is similar to that of 
the enclosing rocks and may reflect a similar cause, possibly rclatcd to the intrusion 
of the Little River Stock. The dip is about 80 degrees northeastward and the 
separation is normal; the northeast block having apparently moved down smne 
2,000 to 3,000 Ext. A possibility exists of large right-hand strike-slip movement. 
The northern trace of the fault is not known, but it seems likely that it passes north- 
east of Turks Nose Mountain. To the east it may pass into the valley of Connec- 
tion Creek. 

The Little River fault, if it exists, is a thrust that carries Cunnineham Lime- 
stone and Yankee Belle Formation over more metamorphosed upper C&boo Group 
rocks near Thre~e Ladies Mountain. The trace of the fault would be similar to that 
of the main branch of the Little River from Macford Lake west, hence about north 
70 to 80 degrees west. The dip would be about 40 degrees northward. The dis- 
cussion on page 46 regarding the folding of this arca mentions briefly that the 
contact between the tine marbles of the Cunningham Limestone and the gncisses 
and schist of Three Ladies Mountain may bc either an attenuated overturned fold 
or a thrust. The character of the folding associated with it would support either 
view. Since the present mapping was done, R. B. Campbell in mapping the Qucsncl 
Lake sheet has concluded that the contact is a fault (Map 3-1961). 

METAMORPHISM 

Metamorphism has substantially affected only the Kaza and Cariboo Croups. 
The Slide Mountain rocks are well lithified and compacted, but only adjacent to 
some intrusive bodies do they show any sign of metamorphism. Low-grade regional 
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metamorphism has affected all of the Kaza and Cariboo Groups, and locally higher- 
grade metamorphism has affected the Cariboo Group. Most of the Kaza rocks have 
been raised to the biotite~-chlorite subfacies of the greenschist facies, whereas most 
of the Cariboo rocks only to the muscovitechlorite subfacies. The Kaza rocks have 
coarser mica than the Cariboo rocks; the former are schists and the latter phylIites. 
Knotted schists arc characteristic of the Kaza Group but nre distributed mainly in 
the lower part, except war the western end of Lanezi Lake, where they extend well 
up in the group. Knots of chlorite are most widely distributed, but knots of biotite 
arc most abundant. Ahnamline garnet is relatively rare. Microscopically it can be 
seen that the sequence of development of knots progressed from chlorite to alman- 
dine (see p. 17). The Cariboo rocks, except in the Kimball Creek area, are in the 
muscovitechlorite subfacies. A few of the uppermost Kaza rocks are in the stile 
subfacies. There appears to be a general relation between depth of burial and degree 
of metamorphism. 

Higher-grade dynamo-thermal metamorphism is locally impressed on the Car- 
boo rocks in the Kimball Creek area. The grade increases from Larezi Lake south- 
ward. The increase is marked south of Maeford Lake, where the rocks are gncisscs 
and schists of the amphibolite facies with assemblages such as quartz-muscovite- 
microcline-clinozoisite-pIagioclase or homblcnde-quartz-biotite-oIigocIase-al 
die. Metamorphism has obscured the original stratigraphy in the vicinity of Three 
Ladies Mountain, but the rocks were originally a mixture of coarse and fine elastic 
rocks in which thin beds of marble or talc-silicate rocks are now found. Campbell 
(Map 3-1961) has mapped these as Snowshoe Formation and comments that the 
higher-grade metamorphic belt extends southward from Littlc River to Quesnel 
Lake, and that it contains many small plutons, dykcs, and sills of muscovite granite 
and pegmatite. About the Little River Stock the rocks are in addition hornfelsic 
for at most a few tens of feet from the stock. 

The age of the regional metamorphism is unknown, but it is probably the same 
as that of the period of intense folding which White has named the Cariboo orogeny 
(White, 1959) and is post-Ordovician and prc-Mississippian in age. However, the 
time of the extrusion of the pillow lavas and folding of the Slide Mountain Group 
may also have been times of recrystaUization in the older rocks. The metamorphism 
of the belt south of Little River is clearly associated with the emplacement of the 
granitic rocks, and may be much younger than part or all of the regional meta- 
morphism. 

COMMENTARY 

In the over-all view the structure of the Lanezi arch and Isaac Lake syncli- 
norium seems relatively simple, but there are still some perplexing problems. Some 
of these ares related to the varied development of schistosity, but others are concerned 
with the fundamental structure and how it developed. 

If the folding and strike faulting occurred at separate times, the structure at the 
termination of the folding would have been a monoclinal series of folds dcsccnding 
toward the southwest. The arch, if it existed, would have been just a broad terrace 
in the monoclinal series of folds descending from a culmination east of the Milk 
River and continuing to the southwest to the limit uf mapping by Holland and the 
writer. However, the pattern was never thst simple because the evidence for the 
synchronous or nearly synchronous development of folds and strike faults is strong, 
No monoclinal series of folds wras developed, but rather two culminating anticlinoria 
with the Isaac Lake synclinnrium between. 

Any concept of the deformation must account for the following facts: (1) The 
northeasterly overturned folds in the Isaac Formation in the northeast part of the 
park, (2) the recumbent “ ~e.verse I’ dragfolds in the same vicinity, (3) the initial 
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development of the Isaac Lake fault zone, (4) the series of rising overturned folds 
from this fault zone, (5) the decrease in overturning to the southwest within the 
synclinorium. 

After iaitial deveIopment of the Lanczi arch, the Milk River anticlinorium, and 
the Isaac Lake syncliiorium, continued compression brought about some changes 
in the character of the folding. The compression must have resulted in preferential 
movement in the upper part of the Kaza Group and Isaac Formation in the Lanezi 
arch with movement on the bedded schistosity. This was combined with a squeezing 
of the synclinorium and a resulting tendency to upward wedging. As these move- 
mcnts continued, possibly dragfolds that bad developed southwest of the axis were 
pushed beyond the axis and other reverse recumbent drags were formed. A down- 
warping on the east side of the axis and a wedging in the synclinorium would pro- 
duce structures that resembled overthrusting from the cast, but the net effect might 
be the deepening of the synclime. The Isaac Lake fault zone then developed. but the 
mylonitic development on some of the fault planes may have resulted from later 
movement. 
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