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T he Flore nce quad rangle is locate d  in the northe aste rn part of the Canon City embayment, a Phanerozoic structural
and  topographic low at the junction of the W e t M ountains and  the Front R ange of the R ocky M ountains.  High-angle
faulting and  subse quent erosion in the se mountain range s have expose d  Pre cambrian rocks d e scribe d  by T we to
(1987) as a gneissic complex d ate d  at 1,600 to 1,800 M a that has be e n subje cte d  to se veral episod e s of folding.

E arly Pale ozoic se d ime ntary rocks were d e posite d  in a shallow marine she lf environme nt be ginning with the
M anitou L ime stone followe d  by the Hard ing and  Fre mont Formations, each were unconformably succe e d e d  by the
other.  Cambrian strata were probably pre se nt but erod e d  away prior to d e position of overlying strata.
S e d ime ntation also occurre d  d uring the De vonian and  M ississippian pe riod s but was erod e d  d uring the L ate
Pennsylvanian coincid ing with the uplift of the Ance stral R ocky M ountains.  T he se uplifts were extensive
throughout the south ce ntral, central, and  north central parts of Colorad o. T he se uplifts are fault-bound e d  blocks
with crystalline base m ent core s.  T he uplifte d  rocks were erod e d  and  the re sulting coarse d e tritus was transporte d  by
rivers and  smaller stre ams and  was d e posite d  along the mountain flanks as thick alluvial-fan d e posits that afte r
diage ne sis, compaction, and  lithifaction be came rocks of the Fountain Formation.

M id d le Pe rmian through U ppe r Jurassic strata of the L ykins, R alston Cre ek, and  M orrison formations sugge st
transitional cond itions from shallow marine to continental environments.   T he L ower Cre tace ous Dakota G roup
re pre se nts the e nd of the contine ntal d e positional cycle and  the onse t of se d imentation re late d  to the d e ve lopm ent of
the Cre tace ous W e ste rn Interior S e away (W IS ).  U pper Cre tace ous rocks of the G re enhorn and  Carlile S hale,
N iobrara Formation, and Pierre S hale are all W IS  basin marine d e posits.

T he L aramid e oroge nic e pisod e (L ate Cre tace ous to mid d le E oce ne) uplifte d  the base m ent and  ove rlying
se d ime ntary vene er to cre ate most of the pre se nt-d ay mountainous re gions of Colorad o.  High-angle faults and
re sulting fault-propagation fold s in the ove rlying se d imentary rocks, e spe cially along the mountain fronts, are
typical d e formational style s.  De formation of this type is visible in the upturne d  O rd ovician strata in the footwall
block of the base me nt fault along Phantom Canyon R oad  in the extrem e northwe st part of the quad rangle.
S outhe aste rly d ips in the L ykins Formation, M orrison Formation, and  Dakota G roup strata ne ar U pper Beave r Cre ek
R oad  and  southerly d ips in the same strata be twe e n U pper Be ave r Cre e k and  Phantom Canyon R oad s are strongly
sugge stive of an und erlying base me nt corner.
L ate Cre tace ous to e arly Pale oge ne se d ime ntary rocks of the T rinid ad  and  Verm ejo formations are primarily
continental d e posits re pre se nting the final stage s of the orogenic episod e (not mappe d  on the quad rangle).

Although the Canon City e mbayme nt has a rich stratigraphic re cord  of Phane rozoic se d ime ntary rocks and
se d ime nts extend ing from the O rd ovician (485 M a) through to the Q uate rnary (<2.6 M a), the L ate Cre tace ous (100-
66 M a) rocks stand  out as a d e taile d  re cord  of marine se d imentation re pre se nte d  by thick d e posits of shale,
calcare ous shale (marl), chalk, and  sand stone. T he W IS  extend e d  across Colorad o be ginning about 108-100 M a, and
for most of the following 30 million ye ars, se d ime nts were d e posite d  below se a le ve l, with only limite d  pe riod s
where the se a re tre ate d  and marginal marine se d ime nts were d e posite d  ne arshore. T he final re gre ssion of the W IS
be gan about 70 million ye ars ago and  le d  to d e position of non-marine se d iments that late r be came the sand stone,
mud stone, and  thick coal se ams in the Ve rm ejo Formation mine d  in the Canon City coal field  in and  ad joining the
towns of R ockvale, W illiamsburg, Coal Cre e k, and  the ghost town of Chand le r.

M arine se d ime ntary rocks were d e posite d  d uring the L ate Cre tace ous d uring continually changing transgre ssive and
re gre ssive d e positional cycle s. T he cycle s includ e the Kiowa-S kull Cre ek cycle, G re e nhorn and  N iobrara cycle s,
and  the Pierre S hale which re pre se nts the last transgre ssive-re gre ssive cycle and  culminate s with the Be arpaw Cycle
signaling the final re tre at of the se away toward  the mid-continent. T he G lencairn S hale and  Dakota G roup rocks
re cord  the initial ad vance of the Cre tace ous oce an in the are a. T he G re e nhorn cycle re pre se nts the highe st stand  of
se a le ve l d uring the Cre tace ous, with the shore line of the W IS  in we ste rn U tah. T he G raneros S hale, G re e nhorn
L ime stone, and  Carlile S hale were d e posite d  d uring this cyclothe m. T he Fairport chalky shale, the Blue Hill S hale,
and  the Cod e ll S and stone members of the Carlile S hale re cord  the G re e nhorn regre ssion of the se away and  e astward
migration of the we ste rn shoreline. T he N iobrara Formation be gan with d e position of the Fort Hays L ime stone
me mber, quarrie d  for Portland  cem ent in the Florence quad .  T he ove rlying S moky Hill M e mbe r consists of
alte rnating chalks and  marls, and  is equivalent to the organic-rich source rock for the prolific N iobrara horizontal-
fracture oil play in the Denver Basin. T he 4,000 fe e t (1,219 me ters) of the Pierre S hale, d e posite d  over the 12
million-ye ar Campanian stage of the U pper Cre tace ous, is comprise d  of pre d ominantly non-calcare ous shale rich in
ammonite inoce ramid  fossils. T he lower organic-rich S haron S prings M e mbe r of the Pierre S hale is thought to be
the source for oil in the open-fracture re se rvoirs of the lower part of the Pierre S hale in the Florence Basin, the
se cond old e st oil prod ucing basin in the U nite d  S tate s. Finally, the re gre ssion of the Cre tace ous se a le d  to d e position
of the shore face sand s of the T rinid ad  S and stone. T he ove rlying ne arshore sand stone, coal, and  fluvial d e posits of
the Ve rmejo Formation and  the R aton Formation re cord  the change to a nonmarine se d imentary environment in the
Flore nce Basin d uring the late st Cre tace ous.
T he Cre tace ous be d rock in the mappe d  are a is ove rlain by a varie ty of Q uate rnary d e posits, pre d ominantly eolian
sand , and  fluvial gravels. During the L ate Pleistocene and  into the E arly Holocene, grave l was d e posite d  by the
e astward -flowing Arkansas R ive r and  stre ams d raining south-southe ast from the highland s of the southe rn Front
R ange and  north-northe ast from the W e t M ountains. T opographic inversion, cause d  by d iffere ntial erosion, le ft the se
re sistant remnants of former valle y floors strand e d  relative ly high in the land scape. A sequence of d e position and
erosion of stre am d e posits is re cord e d  by multiple te rrace leve ls. Fluvial grave ls were likely d e posite d  d uring
interglacial period s, when me ltwate rs were able to transport coarse-graine d  mate rial. O ptically stimulate d
lumine sce nce (O S L ) age s of the grave ls d ate d  in the Flore nce quad rangle fall within the range of the Pine d ale
G laciation (30,000-12,000 yrs. BP; W obus and  othe rs, 1976). Continuing through the Holocene, rivers and  stre am s
d e posite d  mostly sand y alluvium and  cut smalle r te rrace s sugge sting a d e cre ase in relative stre am power. An alluvial
te rrace in E ightmile Cre ek about 5 ft above the mod e rn channel and  one in S ixmile Cre ek roughly 15 to 20 ft above
mod ern d rainage were d ate d  by Carbon-14 analysis. T he sample ne ar E ightmile Cre ek d ate d  at 960 ± 30 yrs. BP and
the sample ne ar S ixmile Cre e k yield e d  an age of 8,260 ± 30 yrs. BP. T he most re cent alluvial d e posit consists of
poorly sorte d  sand y gravelly alluvium in mod ern channe ls. W ind -blown silty sand  covers som e of the land scape
along the Arkansas R iver and  are as ad jacent to E ightmile Cre e k. A single Carbon-14 age of 2,080 ± 30 yrs. BP was
obtaine d  from tan homogenous silty sand . O ther Q uaternary d e posits includ e land slid e, d e bris fans, she e twash, and
alluvial mud flow-fan d e posits. T he se d e posits were d e posite d  at various time s, likely d uring pe riod s of we tte r
climate.
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Map 
unit

Fie ld 
Num ber

U TM 
Easting a

U TM 
Northing a Latitud e Longitud e Material

Depth 
Below 
Ground 
Surface

% 
Water 
Contact b

K (%)c U  (ppm )c Th (ppm )cTotal Dose (Gy/k a)d
Equivalent 
Dose (Gy) n e Scatter f OSL Age 

(yrs) ± 1 σg

Q ge 1 KL  1 491729 4252315 38.419 -105.095 S and  matrix in 
grave l unit

5.25 ft 
(1.6 m) 2 (24) 4.08 ± 0.05 3.34 ± 0.2713.0 ± 0.365.78 ± 0.116.9 ± 1.0 or 20 ± 3.4

4 (20) or 
17 (20) 69% 3460 ± 560 or 

1200 ± 200

Q ge 2 KL  3 491443 4256376 38.456 -105.098
Fine to coars e 
sand  be d  in grave l 

unit
18 ft 
(5.5 m) 1 (37) 3.90 ± 0.05 2.89 ± 0.209.73 ± 0.575.13 ± 0.15 97.2 ± 6.1 15 (15) 21% 18950 ± 1310

Q ga2 KL  4 490119 4250489 38.403 -105.113 S ilt to coars e sand  be d  n grave l unit
16 ft 
(4.9 m) 2 (30) 3.43 ± 0.09 3.59 ± 0.2511.7 ± 1.055.05 ± 0.25 89 ± 7.1 19 (20) 34% 17450 ± 1640

aN orth American Datum (N AD) 1983, zone 13N
bField  moisture, with figure s in pare nthe s e s ind icating the comple te sample saturation %. Age s calculate d  using 25% of the saturate d  moisture (i.e. 0 (25) = 25 * 0.25 = 6).
cAnalys e s obtaine d  using high-re solution gamma spe ctrome try (high purity G e d e te ctor).
dInclud e s cosmic d os e s and  atte nuation with d e pth calculate d  using the me thod s of Pre scott and  Hutton (1994). Cosmic d os e s were about 0.20-0.32 Gy/ka.
eN umbe r of re plicate d  e quivale nt d os e (DE ) e stimate s us e d  to calculate the total. Figure s in pare nthe s e s ind icate total numbe r of me asure me nts includ e d
in calculating the re pre s e nte d  DE  and  age using the ce ntral age mod e l (CAM ); analyze d  via single aliquot re ge ne ration on quartz grains.
fDe fine d  as "ove r-d ispe rsion" of the DE  value s. O btaine d  by the "R " factor program. Value s >30% are consid e re d  to be poorly ble ache d  or mixe d  s e d ime nts.
gDos e rate and  age for fine-graine d  250-90 micron size d  quartz. E xpone ntial + line ar fit us e d  on DE , errors to one sigma.

Map 
unit

Fie ld 
Num ber

U TM 
Easting a

U TM 
Northing a Latitud e Longitud e

Laboratory 
Num ber Material

Conventional 
14C age 
(yr BP)

Depth 
Below 
Ground 
Surface 

δ13C(‰)
14C age 
(14C yr 
BP)b

Calibrated 
Age (cal yr 
BP)c

Q a2 KL  C 1 491771 4252383 38.420 -105.094 Be ta - 
474336

S ilty 
sand 960 ± 30 4 ft (1.2 m) -22.6 960 ± 30 930 - 795

Q a2 KL  C 2 489506 4258440 38.474 -105.120 Be ta - 
492439

S ilty 
sand 8260 ± 30 16 (4.9 m) -24.1 8260 ± 30 9322 - 9128

Q e KL  2 493262 4250166 38.400 -105.077 Be ta - 
477468

S and y 
silt 2080 ± 30 5 ft (1.5 m) -16.4 2080 ± 30 2140 - 1987

aN orth American Datum (N AD) 1983, zone 13N
bConve ntional rad iocarbon age, normalize d  to -25‰ , bas e d  on 5,568 ye ar half life; unce rtainty ± 1 σ
cCalibrate d  age calculate d  using IN T CAL 13 (R eime r and  othe rs, 2013); 0 yr B.P. = 1950 A.D.

Table 1. Ages for Quaternary d eposits in the Florence quad rangle
Rad iocarbon d ating by Beta Analytic, Inc., Miam i, Florid a

Optically Stim ulated  Lum inescence (OSL) d ating by U .S. Geological Survey, Lak ewood , Colorad o

N

Vertical Exaggeration = 2X

CROSS SECTION A-A'

Figure 1. Stratigraphic correlation with 1-in Dual Induction-
Gamma Ray log from Strata-X Slanovich 23-32 well
(in SW ¼ NE ¼ Sec. 23, T. 19 S., R. 69 W.; API # 05-043-06148).
Modified from Scott and Cobban (1975).


