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Gr~ Wslcher, 
Executive o· rect.o ... ONR 

Colorado Is well ki"'Iwn for Its 
spe<tacular sctnery &nd geology. This 
fa I~~ &re fortunate to host two 
profeSSIOnal metc:lngs thbt will draw 
geologists from &cross tht country and 
tM wol1cl. TMst moe-eungs will put the 
geology of central CokH&CIO on centet 
stage! 

The' A$$(1(iaUon of Engint'eting 
Geologists w111 corwene tts &nnual 
meeting lnV&ilon St-ptember 15- 21. 
Then, tht Ametkan lnnltute of 
Professional GeologiSts will ~tin 
Glenwood Springs for ns annual 
meeting on Octo~r 4-9. 

Governor 8111 Owens Joins me In 
welcoming you to our beautiful State. 
Wf: hope your m~lngs art productiYe 
&nd your field tl1ps educaUon&l. 

8y0sve Noe 

In this ts.sut of R«kTalk.. wt will 
hlghllghttht ~logy oft he cent .. 1 
Colorado mountains. our pur~ is 
twofokl First, we wish to orient and 
Inform all visiting AEG and AIPG 
geologists &nd teU them about what 
tht- &rea has to offert Second. Wt- hope 
to inspire Vlsltors ar"'d residents alike to 
explore this part of our State! 

This will introduce you to the 
fabulous sctnlc and gt<~klglc w<~ndt-rs 
of this area. The &rtlcles are keye<l to a 
f'NP oftht area on p&gt s. For 
lnttrt${e<l readers.l)alge 10 contains & 
liS{ of where to find mort lnformauon 
In tht form of Web links ar"'d 
referenct'S. 

OOVt Not iS tht Ch/.tf Ef19iMfflng 
Gcolcg~t at CGS. 

Ot$19n. ilfiJSf.fotion ~rtd la~ur: 
LOtty $(Oft 
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1/ad 

'?actJ 

Founded: 1963 
Elevation: a,t50 feet 
Population: 3,659 

Located in the beaut iful subalpine 
valley of Gofe Cre~ Vail grew almost 
ovemight to become a world-class 
resort. Now celebrating its 40th year, 
it has been ranked as the number one 
ski resort in SKI Magazine for 11 ot 
the last 1 S years! 

Vail's considerable charms are not 
limited to ski season. The vil lage offers 
year-round entertainmen'-..and the 
nearby mountains are popular 
summer and fall destinations. 

AEG 
'?act~ 

Founded: 19S7 Members; 3.224 
Headquarters: DenYer. Colorado 
Web site: www.aeg~..ofg 

The Asscx:iation of Engineering 
Geologists provides leadership in 
de~.~eloping and apptying geologic 
principaes and knowledge to aid 
engineering and environmental needs 
and publk V«"lfare. 

tj (e<tw fJ.fJ.d 

Sft-ri<t9J 

' 
Founded' 1833 
Elevation: 5,746 feet 
Population: 7,946 

Glenwood Springs is known for its 
marvelovs hot springs, which were 
used by Native Americans, settlers, 
and miners. Located at the jun<:tion 
of the Cok>rado and Roiring Fork 
rivers, it beume a railroad hub and a 
tourism center. 

Today, Glenwood Springs is still a 
major transportation crossroads and 
a favorite of tourists who marvel at 

"'• 

A lPG 
'?actJ 

Founded: 1963 Members: 4,$00 
Headquarters: Westminster. Colorado 
Web site: www.aipg.org 

The American Institute of 
Professional Geologists is the largest 
association dedicated to advancing 
geology as a pt'ofession. AIPG 
promotes professional responsibility, 
public service. and certification. 

* Cllmate: Central Colorado is subject to extreme climatic variations during the 
Fall season. Daytime highs c.an reach the 10·s {degrees F), whUe Sow temperatures 
can fall into the 20·s.More typic.aUy, the average daytime temperatures range 
between the 40's and SO's. Seasoned visitors prepare for everything: hot sun, rail\ 
wind, and snow! 

Ge ar: For d riving or any outdoor activit ies, one should bring layered clothing, 
a hat, gloves, s.tiff boots. sung lasses, sunscreen, extra snacks, and water. You may 
want to bring your c.amera and videocam, too! 

Ahitude: Many vi:sitors will feel the effects ot Colorado's high altitude, which may 
include headKhes.drowsiness. or nausea. The best remedy is to take it easy and 
drink plenty of water. In extreme cases, one may need to return to lower altitudes. 
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By c.r: 8(1(h Vall and Gl-tnwood 

Is:;~~~~~·~=~~~ atong lntersmt r t V&llls 100 miles fr(lm Denwr 
150 miles from Grand Jul'l(tiOn. 

By bu:J: vall and Glei\WCicxl Springs 
are strvtd byGteyhovrKI fines. Both 
towM ha~ exctUem local bus service. 

By rail! Glenwood Sptlngs ls w~ 
dally by Amtrack's canf«nla Z~hyr 
becween C>en\let and S&lt Lake City. Vall 
has no ran s.tt\ll<e. 1----------------j Geologic road log:J and tourJ: TM 160 miles from 

Oen~rand Juoolon. Roadside Geology of ((ll(lrado and tht 
By al r: Most Colorado go Colot'b(l(l Gtologl< Highway Map 

(OtA). tjul"'9k (a\lail.ablt for purchase from CGS; stt 
noc: ha~ -=::J:!Ii 9u~4elu'.J. <!4-~t pa~ 11) are lnvatuable to haw &long fOt 

may 1>t Ht4h ,Ut-IN
9 

Identifying-and ltatnlng about W~~rl(lus 
Airport r.e&r geologiCal wonders wh-e-n tt&~llng (In 

Rold. tk~ I- <UUI Color><l<>~ highways. 
By wn: by ~eral e4t«4~t. Web sitN: On pa.ge 10 wt ha~ 

shuttte stMc~ IIS{td a numl>tt(lfWeb slc:es thM oontaln 
from OIA. Informacion about vlsJc:lng ,.,,,,.,1 

There Is plenty to ste;l~n~,:.~ .. ~ .. ;~--T-GG~Ie~n~wood;:;;S~p;,;:n~g;,:.~ .. :.,~. ~A:d~nw:: •• ;;s,..;;:-1--;G;.o:lfl~nsF;;;-;;;.;;;;:~~ sct-nlc 
/ Colo<.Oio. Wf!: Invite you to stay for an 82tothe mining and resort town of Aspen golf coutSes ln l)o(h the Vall and 

extra ftw days to enj(ly some of tM and the Maroon Sells-Snowmass Wilderness GlenwO<XI Sptln!)S &teas. 
following &etlvltlt$1 makes a great afternoon outing. Another Cav.s: The GlenWO<XI cavtms 

Vall area: The Leadville lO<IP popular drive leads to McClure Pass. Marble, rt$(1tt and ttstaur&nt. Wlth IU showpltce 
(highways .. 70, SH-9l,and US..24) leads and Redstone to the south on SH-1 33. Fairy Ca~.N$tect-nttyopel\ed for 
to the Cl(lud Oty of Ltadvllle (eltvatlOn buSin~and l$ reached by a new and 
10.430 feeQand Jc:s historic mlr.ts.. The sct-nk gondola ride. 
rec:utn trip passes byC.mp HNt.formtt Hot Springs: Glenwood's hot 

l ;::~~~~ol;~tht Army's fan'l(lus lOth spl1ngs rt$(1rt,and the nearby vapor 
Olvts.lon. Other nearby dtlvlng caves. are a favortte tourist hangout. 

destinatiOns Include Brtc:kenrldgt. The reso" fe&tutes the w<~rkl"s latgt$( 
ar.other m 1n lng &nd rt$0rt town,. and ovtdOOt hot springs p0<1l 
Ptney take In the Whitt Rl~r N&\1(11\&1 Other activitie-s: Colorbdo 1\M 
Fottst. ootnttous ~asonal ktlvitles SIKh as 

rafting and historic: toutiS( railroads and 
minoe-s. And come bac:kthls wtn{tt In 
ordt-t to enjoy (IU r faiYI(IU$ skllng! 

Bike rkllng: GMnWCicxl Canyon Md Vall 
Pus both Nw pa\lt'd blkt ~ch$. For a grtac 
downhill run, take )'(lur blkt up tht Vail 
Mout~U~it"t lift. There art rwmtt(lus mountain 
bike trails in tht are._ 

Hiking: Whitt RlverNati(INI Fottst 
(lffers numerous hiking trails.. including 
Har.glng L&ke lnGienW(I(I(IC&nyol\arKI the 
EagllltS NIM{ Wlldoe-rr.ess nwV&ll and Maroon 
Bells·Sr.owmass Wild-trMSs nw Aspen. 

Rshlng: Tht FryJngp&n River abo~ 
Basalt Is a gold--medal trout stream.. Othtt 
strtams ln tht area offer 90cxl fishing 
(lpportuniti~M. 
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I Gen1:<al Coklrado's stunning scenery and 
topography is a product of its geology. As 
seen in the cross section below, the 

I geologic s..nmg for this region consists of 
uplifted mo u ntain ranges and p lateaus 
that are separated by deep valleys and 
basins. The uplifts are COfed by intrusive 
igneous and meta.morphic rocks of 
Precambrian age, and in places by 

J~;~~;~::;:~:~~~'~;:d'~:~1 The and basins are filled w it h Paleozoic 
to Cenozoic sedimentary and volcanic 
rocks. and Quaternary deposits. 

'The area's early Paleozoic rocks consist 
) O'f t h,in-bedd•ed 'caobona1:e and sandstone 

formations that we.-e deposited in a 
shallow sea. Good examples are the 
Sawatch Quartzite (Cambrian) and 
Leadville Limestone (Mississippian), wh ich 
are seen in Glenwood Canyon. 

A • > 
I -· 

I 

After a long period of erosion, the 
Ancestral Rockies wefe worn down, and 
deposition of sediments in continental sand 
dune-s, red beds. and floodp&ainsocamed 
during late Paleozoic and early Mesozoic 
time. 

Central Cobadowas again inundated 
by a shallow seawt1y during Cretaceous 
time. The Dakota Sandstone. Mancos Shale. 
and Mesaverde Group record this marine 
incursion and the subsequent re-emergence 
of continental deposits. These rocks may be 
seen in the Grand Hogback at NewCastle 
near Glenwood Springs, and in the Wolcott 
area. About70 million years ago. the Rocky 
Mountains rose again during the Laramide 
uplift, and we..e eroded. leveled. and buried. 

The Tertiary Period featured abundant 
volcanic activity in central Colorado. Many 
of the hills around Glenwood Springs are 

~ 

I •• -

~ ... ...,_ . ... _ • • • .., __ l _ 
__ .. _ 
141-mo.-. ~--·~ 

In later Paleozoic time, central 
I Golo,raclo underwent a major change as 

the Ancestral Ftocky Mounr.a.lns were 
upiWted out of a shallow sea. Coarse, red 
sediments were shed f•om '""' mou,nLllns, I 

saltsa.nd evaportl:es formed ln the 

I::~~~~;':;:'~':. suways. Good !1 are seen as the Maroon 
Formation near VaU and Aspen and the 
Eagle Evaporite near Glenwood Springs 

4 

" 

capped by basalt~ A major period of 
upiWt during the Neogene brought the 
Rockies to their current elevation. This was 
foUowed by rtver Incision a.nd regional 
evaporite dtssofut lon. 

Many of Central Colorado's higher· 
elevation valleys (like Gore Creek at Va.ll) 
were sttes of alpine glaclaUon during 
Quaterna.y time. A host of Quaternary 
depostts occur In the area.,lncludlng till 
outwasl'\, alluvluff\. ~ colluvl um., allu\1\al 
fans, and landslides. 

--
Permien 

-

....... 
FCO'Iflllion 

.... 
Vllley Fm 

.._ ... 

Sr-«9-~ 1'3-'""'" 
'?-• ~ ~'Uif4((--""" (!,.1.,46{. 
&Jul'ff. .Uit ek etJS ulltl<t b< rile 
~-fU.v-t•t .j1/MM-tAt ~uu 

fk«.U., ot rile &i•...U St4# """' 
"' iD.dt.. ,#,,.,_.. 16-!11. 21)()!1. 
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Cenual Colorbdoi\M &n abu ndanc::e and 
v&rltty ol mineral resources, ranging from 
gold and slt\ttt to on shale and coal. 

Pr".clousand bas. miKab: Within 
this regiOn, st~r&l import aM mining 
diStJI<:t$ ha~ produced boc:h pre<IOUS 
and base tnt1als. ore deposits In thtst 
districts art generally host tel by 
carbonate rocks ofl..Me Palt<lzoic &ge. 
mostty the Leadville llmt"stone. Laramide 
age, (75-3S million(M) )'t.&r$) pot'phyrlt lc: 
lgr.eous rocks are Important In locallZing 
these miMral depOSlt$. These great 
mining c.&mps are no lon~r product!~. 

The last mine to operate. the Blac::k Ooud 
Mint in the Leadville di${rlct..dost<lin 
1999. The Leadville district produced 

rodb:y, the Plce.&nc::e e.a~n 1s a~m~OJO<~~~rr====~~~=~~~=~ 
natural gas producing ate.& with ~r&l 

fieolds producing fl'(lm Crttact<~us &nd 
Tenlary age ((leks. Thttt are about 480 
billiOn barrels of Oil tn the shale of the 
TenlaryGtttn AIYer fol'n\Mion of the 
PICtMCt B.a~n. Shell On ((I.ISCOndu<tlng 
research on ln.-situ rt<C'IIItfY ol oil from 
thtst ou shale$. 

COli: There are st'\lttal coal 1\tldsln 
tht central COlorado art a. Tht Grand 
Hogbac;k Coal Field nearGienwocxl 
Springs product<l4 milliOn shott tons of 
bituminous coal; the Carbondale CO&I 
Reid produced 31 mlllkln shon tons of 
anthracne and h ig h·YOiatl It bltum lnous 
coal. None of these mints are actl~. 

St«t.e ?Hc'-*U'J«l. 7UJ .,J,.q.,. 
c-AOUJJif-e nf{4t.J ~-lt#IU..J /'f(J.M: tk 

Sa•.'.{'f ";?~,~~ ?Jfr,u 1U4"1- .4tJN"r. 

approximately 33 M ounces <ozs) of gold,. ~~:;~;;;::;;;::====~=~ 
265M Ol$ of sn\let, 2,354 M pounds (lb$) r 

lndumial •nd oth ... m lner als: 
There are st'\lttal 01her lmpottaM 
mintr&l resourcestN~ are product<lin 
ctntr&l Colotad(l. Gypsum Is mined from 
the Pennsylvanian age Eagtt V&lley 
Ev&potite M.&r the town of Gypsum. The 
mint produces about soo.ooo tons of 
gypsum a year. whkh mosttygots Into 
waUt>oal'd fabrkaUon. 

of lead. 1,936 M lbsofzlnc,and 110M lbs 
of coppe.-. Othtr nearby mtntng districts 
include the Aspen di${rlct wl1h a prod· 
uction of 101 M oz:s of sn\ler;and the 
Gnm&n disttkt with a production of 68 M 
ozs of sllvtr, 1,905 M lbsoflead.and 323 
M lbsof zinc. 

Motybdtnum: The huge, world· class 
Climax Mine ts now on a standby Nsis. 
The Henderson Mint of Ot.&r Crttk 
CCM.Incy remains as Colorbdo ·s sole 
moi)'lxltnum producer. Th~ two 
dtposiu are hostt<l by thyoUte porphyry 
lntru~ complexes. Through its life, the 
Climax Mine product<l about a mlllkln 
tons of tkomental molybdenum wtth a 
')oear·-mint<l" value of $4 billion. 

Oll•nd 9u: The Piceance Basin ""''"'I 
much of ctntr&l Cdotadl). It contains 
several important oil and gas fields 
including the Rangely fttld. which has 
prodi.Ked 865 milliOn barrels of Oil and 
no billion cubk feec: ol gas in its long life. 

6 

II 

'77p «• (-r~• "~e &a?f.e 1/afle.., 
F rjl~'f.ii'L i #lf.itte( t.t-t (Tip a«tl 

•e4.ufll at Me HU If (4WH t'l 
C IJ~'etlllt 

The Yule Mal'blt Ouany M.&r Marble 
prod IKe$ ouutandlng white marble 
dimtn5i0n stone. Yult marble, wfth ItS 
high qu.&llty &nd putlty has been used 
for several of the natlon'slmport&nt 
monumentS including the Tomb ol the 
Unknowns at Attlng~on National 
Cemec:ery,and the Unc::ofn Memorial in 
washlnGJ(on o.c. 

Btal.ltlful spec::lmens of gem-qu.&llty 
rhodochrosite, tht Mw Colorbdo state 
mintr&l,are prodi.Ked from fra<tutt 
zonts&t the Swttt Home Mine near 
Alma. 

Jim Cappo js rile chief miner of ond mineral 
fuel geologist or CGS. 
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The complexity of the central Colorado 
mountain ranges has p laced a wide range 
of rock and soil types at the g round 
surface. Hard. jointed basement rocks to 
pOOfly cemented sedimentary rocks and 
dissolution·p rone evapcxite rocks are 
exposed or are mantled by younger 
surficial deposits (soUs}. This tefrain. wit h 
its high mo u ntain ranges. steep slopes and 
cliffs. narrow val5eys a nd gorges, and 
variab le lithology, is prone to a host of 
geologic hazards. 

Mass mo vement: Geologic hazards 
related to steep slopes, such as rockfall. 
landslides. debris flows. and avalanches are 
common in central Colorado. 

Rockfall incidents result in one to two 
fatalities and several inju ries a year, o n 
average. Most towns and roadways in 
valleys Of canyons are at some leYel of risk. 
Rockfall mitigation a nd p rotectio n devices 
can be fo und along t-70 (especialty in 
Glenwood Ca~).and at various locations 
in the Vail a nd Glen wood Springs areas. 

Entire slopes underlain by weak su~ 
st rate can fail as landslides. The shearing 
and downward movement creates head 
scarps and flanks whet'e the ground 
surface has ruptured a nd tom and 

Lt.dlhf.. ""- ...... ~ 
u.M.. .... K·e-~ 
=uid t..u du.1/«Lt ._,u.. 

rumpled su rfaces where t he earth 
movements have d istorted the g round. 
Vaii.Dowd's Junction. Wolcon Junction. 
Green Mou ntain Reservoir, a nd Marble are 
all affected by landslides. 

Oebrls flows art related to Ra.sh Rood$ 
tl\ac can oourse down hlllskltund 

l•phen'""'' ,.. ... ,.. IMge ..-.nts ol 
rcxk &nd soil can bulk the flood wtth miKI 

debt is that flows out onto alluvial/ 
I d•M• fen.s. Marw towns and roads in 
Ice'""' COlorado •~ located on t~ f&ns 

&re at rl$k. The actMty of the-se fen.s 
lncrtases dramatiealty &fterwlldflre evt-nt$. 

Avalan<twts &ISO pose d&ngttS to 
movMaln towns and roads &nd t>Mk· 

l :~;~~:·~~··~"'!sf:"'~~cibl Z<lnlng or must be use<! in 
. artas to ensure the $3fety of 

resldeMial structures and other lbnd use-s. 
(~poge9) 

Oth• gltOiogk haa~rd:s : Ground· 
I «>ll•pse rei& ted 1\albrd$ &nd wate-r·quallty 

lssuts &rea «mcet"n wht-re evaportte rocks 
outcrop. DiSSOlutiOn and p&a.stlc "flowage" 
of th~ rcxks has cau~ reglOn&l 
collapse <see p&gt 8),and kbtst features 
such as :s.lnkholes. Sll\k:holes G&n O«ur 
spont&neousty without watnlng and ate 
hazatdsatoi')Q tM LOwtt RO&ring Fori:. and 
Eagle Rtvtt cortidoo.. Evaportte 
diSSOlutiOn ai.S<I oontrlbutts slgniflc:mt $lilt 
loading to the Colotado Rfvt-1 (see p&g~9). 

Some collUVial, all uvial and t<~llbn 

L-;;;;;;;;;;;;;;;;;;;;;;:;;;:;;;;;;~;;;;;;;;;aii;-l deposts,derlvt<l from clb:y· and sltt-rlch 1 $tdlmentary rex b. are pron-t to collapse In 
$t'MJ..at'ld envtronmotnt.s &fter betng 
wened. These hydrocompa<-ti'Ye soils are 
common along valley Roots and wall$ (a.s 
debrts·now fans) and in up.land swales or 
pediment surfacts. 

t;u-H<L s~ 14 '"dt ... ..ttK~tat t<u<• u.- tk .eu,o •?4-
.up-. -1 tk ifeo~ 7od oc(/q.. 71<4 ~-lt.."' .,_.e t.. 
1977 t.u<.utcwt -•' -1 ek c.we wt. -1 e ....... 
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The earthqu.&ke potential of Latt 
Cenozoic faults along tht r&f\9e1 of cenual 
Color&cto tN:Y also be of ooncern. The 
a rude on pag~ e dlsw~ recent research 
on these feults and thtlr selsmlclty. 

)Oft Whitt I$ a StmQf 
Ellgilltff1ng Gtolo91Sl ot CG$. 7 
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Ma,pptng by the CGS and USGS In 
central Colorado has uncOYered a 
fascinating story of underground salt 
movement at a grand scale. Two large 
areas totaling nearly l,AOO square miles, 
called the E&gle and Carbondale sab 
collapse areas. are the shes of regional 
sa.lt flowage a nd d issolution ln the 
PennsylvanU!n Eagle Valley Evaporite. 

Our research Indicates that the salt 
began flowing In response to 
d~erentlalloadlng by the overtylng 
rock, a process trtggered by lnctslon of 
the Eagle_ Colorado. and Roaring Fork 
rivers. Flow and d issolution of the salt 
began about 10 million years ago and 
accelerated about 3 mllbl years ago. 

.La.ue~ 
'?<UdU<U«i 
S~tt<, 

8y Vince Mtrt.thew!> 

Late Cenozoic (<2S million years ago) 
extension strongly affects cent ral 
Colorado, creating rift grabens and 
signit'icant uplift of the nanking areas. 
This tectonic activity is the northward 

1-'t~ 
( <d U...) ..4~ e.k , ... 
ll4d •I tk S""9-u .te 
e.ue. ;e..., •. 
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Where the salt evacuated, the 
overlying bedrock under'lm"'t as 
much as 4,000 feet of regional 
collapse. The tim ing of regional 
collapse was determined by age· 
dating several Neogene volcanic 
rocks deformed by the col lapse. 
Sack·tilted alluvial terraces and 
faulted surficial deposits 
document more recent 
movements. Underground salt 
dissolution continues, as indicated 
by the loading of the rivers with 
large a.moonts of dissolved salts. 
The Glenwood hot springs are a 
major source of salt bading. 

Today, the evaporite forms salt 
anticl ines beneath the river vaUeys. 
The halite has dissolved.Sea-Ang 
only gypsum at the surface. Good 
examples of folded gypsum strata 
may be seen near Eagle. Gypsum, 
and Glenwood Springs. GSA 
Special Paper 366 tells this story in 
more detail (see page 10). 

extension of the activity in the San 
Luis val ley and the Rio Grande Rift. 
A growing awareness that cent ral 
Colorado may have a greater earth· 
quake hazard than previously 
recognized has led to a resurgence 
of study on seismicity and faulting. 

The CGS recentty mapped three 
7.S.fllinute geologic quadrangles 
in Summil County. CGS also has 
been investigating the Williams 
VaUey faults under a National 
Earthquake Hazard Reduction 
Program grant from the USGS and 
is studying the Frontal Fault of the 
Gore Range under a cont ract from 
the Federal Emergency Manage.. 
ment Administration (FEMA). 

Mapping in the Vail to 
Glenwood Springs area by the CGS 
and USGS reveals the existence of 
Neogene regional collapse because 
of dissolution of underground sab 
deposits. Although this 
phenomena caused a collapse of 
the surface on the order of one­
haH mile vertical ly, geologists 
doubt that this activity is related to 
earthquakes. 

I 

f 
• I • ' • ' • ,r: 

1N¥ ·~ e.k --~ e.k~ 
-~·.Uuft¥•e-. 

Bob Kirkham is newly retked and was formerly o 
Senior Geologist or CGS. 

:z .... -.,. la<du «< ee .. u .. t ~ 
(7(/u-. ........ .t~. 2000). 7/u 
""'"" i.u 14 pull~ ~ tA«« 
14.000 /eet "'-- /wd. 

Vfnce Mart hews Js Senior Science AdvJsor and Is 
responsible for monagfng Mappff>9, Earthquakes,. 
and Outreach at CGS. 
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By M.;:.tt S<Jre!i 

In spite of the semi-arid nature of most 
of the state. central Colorado Is rich In 
water resources. The headwaters of 
three major rivers -the Colorado, 
South Plane,. and Arltansa.s- are found 
In the area. Rain aoo snowmelt runoff 
are stored In several major reser~rs 
and are transferTed by trans--basin 
d tverslons from the western slope to 
the water-poor eastern slope. Water 
supply from surface and ground water 
Is a huge lssue,especl.a.lly In light of the 
State's recent mult i-year droughL 

Snow avalanches have always threat· 
ened Coloradans -about 400 deaths 
occurred from 1860 to 19SO,and 193 
from 1950 to 2003 {especially among 
backcounuy recreationists). lhe most 
avalarKhe-prone counties are Pilkin (33 
deaths since 1950),Summit (33),ancl 
ClearCreek(21). Avalanches block 
highways. damage buildings and 
structures, and destroy fOfest s. Roughly 
3SO avalanches hit Colorado highways 
each winter; most are purposely 
released with explosives. The 1-70 
corridor is threatened 'lAth about 80 
avalarKhe paths from Glenwood 
Canyon to Georgetown. A forecasting 
and mitigation program keepsdosures 
aiong all Colorado highways to a 
minimum. 

Ground-water resources in 
central Colorado are used 

loc.allyfordomestic andpublic ~~~~~~7-j'' 
water suppl tes. The alluvial f 
aquifers adjacent to streams ~f,;:;:!!~&::~~~r' 
are mostty thin and shal law. 
Fractured crystalline-rock 

aquifers supply limited ground 1---'r"'lF"-< 
water t o homes in the Front, 
Gore. Tenmile, Mosquito. and 
Sawatch ranges and from 
basalt rocks south and east af 
Glenwood Springs. The Eagle 
Basin east of Glenwood 
Springs and the Piceance 
Basin to the west contain 
ground water in several 
carbonate and sandstone 
formations. 

Watersheds in central 
Colorado provide good· 
quality water in general. Yet 
there are several water-qual:ity 
concerns in some areas. This 

includes sal inity loadings to the Colotado River from 
the Eagle Basin, Roaring Fork River and hat springs 
nearGk>nwood Springs; metals and add:ity from 
abandoned mines and natural add rock drainage; and 
impacts from increased development in mountainous 
terrain. Several completed and ongoing projects are 
helping to address these issues. 

------------\ The CGS is currentty conducting a statewide 
ifi?d 11tlt~tlftcbt. "" tt(e analysis of locations where underground water storage 
dMt~e.d 'Z)tu.tC,e technologies are feasible. This review is a key element 

of the state water suppty assesment being conducted 
e.we •I A~. t4. c. by the Colorado Water Conservation Soard. 
-.d ........ , 
.utct4. 444 cebttt41 U Mort Sores Is the Chief of 

Envtronmentol Geology at CGS 

Land-use concems: In the mtntng era, 
avalarKhes repeatedty damaged or 
destroyed houses and mine structures. In 
more recent years, avalanche zoning by 
some Colorado towns and counnes has 
restricted building In avalanche-prone 
areas and therefore greatly minimized 
avalarKhe damage. Summit, PRkll'\ 
Gunnison,. and San Juan counties, plus the 
town of Vall, have enacted avalarKhe­
hazard regulations. Typically, they prohibit 
residential construction In Mgh-rtsk zones, 
while In moderate-risk zones. construction 
Mi!l'f be permttted tf engineered for 
expected Impact pressures. The East Vall 
residential area Is a prominent example of 
applying avalanche zoning. 

CAlC: The mission of the Colorado 
Avalanche Information Center (CAlC) Is to 
reduce the Impact of avalanches on 
transponatlon.,lndust ry, and recreation. 
The CAlC does dalty hazard forec.asts to 
COOT and backcounrry recrearlonlsts and 
hosts avalanche awareness dasses. 

,1=14..de 1-'"9· 7""-e ..,,u, 
t it 1/Mt !Ut"t.-~ de uut4td 

S4-«e ~ t:Ut. t:t-ett:tlt:t~ jt4.d. 

Knox WHiioms Is theD;,ectorofthe CoiOtado 
Avalanche fnformotion Center, port of CGS. 

7-. tt .. ". ,._.,.e cl.ut #W4l<~t#!1.<4« 
... .t u ~-<• tk '?<u...t. "tk 9 
M'?e. tJI41t 4Jibr 'i(l~ #tt~: 
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.. ,.,. ActJf#ttlr ..t.,... 
'PJU--.. at t!4S 

The 2002 (ok),-. Mlneral and M"Mal 
fue!Ac1MyAopon(lS.47)was.­
at the Norttw..sl Cob.to Coal 
Confett•nc)t In~· On hind wete OAO. 
les Hampton CMoff•t County 
Commissionef). StUMt Sanderson 
(Colorado Mining Association President). 
Jane Norton (ColoJ'Ido Lieutenant 
Gowmof). Ron Canany {OMG Director), 
Greg Wakher {l)NR Executive Director), 
and Jl.m Ev6fls (Auodated Gowmments 
of Northwest C~CM'ado Director). 

?tu...L·""--' MS 'P.IU«u.. 
A 'Ia No~ for$ hUS, tills much antkpated 
work «H'!talns o won<hrful avervlew of ali 
rhlngs geo#Ogle In riM CMt~nnloJ Srate. 
lndudtng 1ST pogosfulr o( lmprwlw 
focr4phottn oM n,urts.. 

10 

I 

AV<'IItal>lt lor $40, thts 110poge 
arias (J JxJ 1) contains 100photos,. 
9/UPhS. mops. ond lfwtratlons on 
al of Colotodo's oquhn ond bostru. 

?t-,1£9/etJS S/«<141 'PJ«ecu.. 
--I«~ lil>mllEG orCGSp<» 
llcotb'l' Of Of tfrtt """'~ This CD-Rom 
VOI\Imt contotns OWf 60fXJPO" irJtvolvfng 1M 
pracrlcf of ff>91nftrlog goology In O>lorodo. 

~uj«t'JIW' s-.­
'1Ii!tj«..u:u e-,,c«de<> 

The followtng Is a listing of Web snes a;nd 
reletencts 1Nt p~rtaln to the articles In thl$ 
IUue of R«kTolt. tt Is not an exhaust lYe 
IUing, but we have assembled enough 
tnform1Uon 109ft Wltetested readefs started. 

Otgftratiom: 
()epMttMnt of Natural ResouKeS­
Imp'.//drw .Jiaft.CO.U$ 

COiofldo Gtdogkal Survey-­
hrrp;//geosurwy.statuo.us 

Colo. Avalanche Info. Center­
htrp://gcosurwy.stote.co.US/ovalanche 

Otvl$10n of Minerals and Geology­
hrrp:l/minlng,statuo.us 

Amefleln lnst. of Prof.Geologtsts­
www.a40g.org 

AS$0C. of EnglnHflng Geologists­
,_~ 

AfG Aoctcy Mouncatn Sectk:ln­
www.otp~mJ.C)(g 

Towbt reJ.OUrus.: 
Vall aru lnfotmauon­
hrtp;/Nollsummer.net 

www.ffommffu:omldestlnotJonS/lloll 

www. volkhomber.org/vlslrvo/1/bus _ 
S<hfdutt.lltml 

Glenwood Spl1ngs area­
www.g.IM~.com 

www.frommtrs.com/de.stlnotJons/ 
9-.od,. lngs 

www.hoopringJpOOI.com 

-~ 
wwwJfto.tom tfo<Dibfnl 
HNtby resort inlonnatioo­
www.aspe~s.com 

www .... acMIIe.com 
http:/lbleCk.torvid~.snow,com 

Whitt Ri~r N<1tional For~­
lvww.fs.ffd.uWt2/whiterJver 

Colorfdo Ski Country USA­
www .colorodosk.i.com 

Rshlnginfonnation­
http://WildJik.state.. co.uslfhhingl , __ 
llll<lng inlonno<k>n-bk)'d«olo.org 

Goring inlo<motio<>­
www.golkolotodo.com 

Amtr-.ck-wwwAmttock..cotnlttolns/ 
coltf«nlcJz~hyr.html 

Matb~ quarry­
www.'/u~marbJe.com/history,html 

TouriSt mines-
hr tp:l/mlntng.state.co..u£4'ourist.html 

~.cl g.ofogy ,.-ferencu (available 
at CGS u~s «~rwiw noted): 

• -9<01o91 o(C-2nd 
ediolon: ll Cronk ond F. Williams 12002). 

• Cdo<odo goojogk h';jhway ._R. 
Chtbelanson and Weste-rn Geographies 
(1991). 

• ColofadO mineral and miM'I'al fuel 
adlvlt)', 2002 •J.Kelle r and othe-rs (2003) 

' Collopslble soils and eva pot it~ karst 
hazanh of the RoaJing Fork Rivef 
conldor .. J. White (2002.) 

• Color.clo l.A(e c~nozoic {Malt and {old 
dt~br.lM •nd internet map SHY«, Part I -11.-""'othon (2002) 
(/l«p/,..,....., ..... ~~~ 

• Ground w•m atlas ol Colorado -R. 
Topper •nd «hers (2003) 

• Lite CtnolOic f't'aporit~ tectonism 
and vok:•nlsm in we:sH.entral Colorado 
~R. Klrkh.lm and others.eds. (2002) (from 
Geolo9lca1 S«Mety of Amerka). 
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Suua~~ 
em ONtnl!to Go~rnor 

Dep.t~m~ of N~ttur81 R.eeourcu 
Grt0 E. WOJ!che:r; Executive OirU~r 
Drvhtlon of Mlner.JIIJ and Geol~ 

RaMI& W. C<i~ny, Director 
N.<1tur~l Rell;.ouree f ru6tee 

~~tS-...~ 
R.on.11c:t W. Y"t:ilny, Interim Dt~tor 

and State Geo&oef&'-
J..rfm<» A. C.11pp.1. Mr~~tnal R.eeooru& 

VillCt M~Jt.thew!l. 
Senfor 5Gience Ac:lyl'oor 

08'Jfd c. Noe, Ener~~terlne GeoloGY 

R9M<JI C. P~lf'CI GIS a lid 
fec;hnloSt1 Servl~~t 

P<Jtrici<J Younq, Admlnl&trat!Ofl 
snd Out.r!lach 

M<Jtc. 58. reo. Erwlronmerttil!1 Gt<Oioey 

Kne'< WIIIISI'""' Colora.:io Aval!J nc;he 
lnformatcon Cel'lk:r 

Admlnf&tnrtlon a lid 0U1o~Uc.k 
"~ f'a;.(. ef'Ctldll ~ni'IJ, 
~ lngri~no. r::brl Vi3J 

Aolal.;ancltc lnforma'lilon Cenur 
O<Jie Atkin~ Nick. loq<Jn, Sccrtit Toepfer 
Mlappfnq. OU'IoJUGit, anc:l Ellii'UiqUillke& 

John J..cllcr, 6o~ Klrl.tl.wn. 
M9U. Mor!J<JI1, 6eth Metms.M 

Eftel!nunne Gtol~y al\d ~1\d UN 
K9ren 6erl)\ Jill C.Moon. Sc.M G.;~ffuey, 

~!1.1 GrccmMn,. Jim So!k. 
T.C. \V.a"-. Jon 'MIIt:e 

Etwlronmertt&~1 Gcwl~y 

Peter 6S~rtm;~nn,. O<J...ic:t 6h(. ~If Topper. 
~1\'oc.l 

GIS snc:l f"hrt&cal Servf<:t& 
Cheryl 13rcMn.. ~rcn Morg<Jn. 

LSirl)' Scott·, J.l oon \Vlloon 

Mineral Fuel& 
Olrto C9rroll, Gen<n<leve Youna 

Mlnmal& 
John Keller,~ Wlc::tm.1nn 
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The CGS presented a special award for 
Outstanding Earth Science Project at t he 
Colorado State Scie nce and Engineering 
Fair Apt'il l 0-12, 2003. The Fair was hekl at 
Colorado State University in Fort Collins. 

Jeffrey Hrncir, an Sth g rader from Grand 
Junction, p laced first in the Junior Division 
with h is project, 1teconstructing the 
Paleoclimate of the Green River Formation: 
His project involved coUecting and 
classifying fossil k>af samples and relating 
t heir structure t o determine the awrage 
temperatu re and pt'edpitation p resen t at 
t hat time. 

Jade Brooks, an 11th g raderfrom Fort 
Garland, p laced first in the Senior Division 
with her project, "Hydrophobicity: How 
Hydropho b ic Soils affect Runoff within a 
Watershed: which looked at runoff 
predictions and results from different 
drainage basins within the Million Fire burn 
area by South Fork. Colorado. 

COIOiado Geologica l Survey ROCKTAlK Vol. 6 , No.3 

The CGS judging team ofT.C. Wait, Jim 
Soule, and Peter Barkmann woold llke to 
thank aU the students who presented 
their outstand ing projects at t he Science 
Fair. 

MAll! 
Colorado Geologkal Survey. 

1313 Sherman Street, 

Room 715,0enver,CO $0203 

Phone: (303) &66-2611 

http:// geosu rvey.st ate.co.us 
Fax: (303) 866-2461 

E-maikcg.spu bsflstate.co.us 

accepted 
Pre-p<~yn'ICnt required 

SHIPPING AND HANDLING 
Please contact t he CGS for 

shipping and harw:tllng <osts. 

DISCOUNTS 
Available on bulk orders. 
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central i'li'IOU11itains. of Colorado Uru:ler 
d'lffet•eifrt fw1ndiii19 souirces, for �ariou,s 
cO Mt I l'Vlit! nt s; 

Mappingt The Mtipping grot.1 P• lh11� 
cOiiipleted twelve 1 :24.000-�le geo.1ogi:c 
mi!lps in' he Glenwood Springs illi'ea i:nitdl is. 
c:urren� doi n9 hiappjng in Sii.lmmll: County. 

MhW!rals mdl Mineral Fuel� lh.e MMF 
g rm.ip n!!seai!'ches and publishes :wtnlilili!lities 
olmlnern�and nfnetal'fw:el tesotlii'CeSancl 
p:rooiU:c'1lo:n from the an!!i!li. 

'fhe Coloiado Department of N11h.1tid Eiflfgihee:inmgi Geolog,: The EN.G groilip 
Resoui'Ce� i5 protld of llhe ongoing a�slsts loctd 9ove:rn'Jililents b)i· c•o:nduceiin,g 

I i!IC<:Omplishments ol the Col.;'.;lt.ado • land use re\l'Jlews for geok,gic suil:ati"lity,
Gl?dlogtcall Siu�. Since its i'einG11tna.tlon ' does. res:earch o:n geologic hazards, amd 
in 1%8 it has pliOvh:ledi tedinical .i!liss�� 1 responds to •!)e,01:ogy-.:relam:ed e;nmetgen.ci • 
aoce :ro the peuiblic and pilvate sectors.·,; , Eii'Wiroomi!i'itiil 1Geolog,ytilbe !:NV group 
th areas of geological and solentlf1c conch11.cts re:se0il'Ch In the .aife-i!ls of grooi!KI 
impo:ft:llilte. Its 1NOl'k has earned water' aiid wa.:er qill\illlt)', indud' ng th 

• intetir'21.tiOnl11I t•&'bgniti.olfL mi!lpp:lng of oon•po"nt �r:c:es of salt· 
lhi� iMue of Roe •. Ta!lt. focuses on the I loading ·to ihe Roolilng Far I< Rive;r above 

vaiiet)' of p;rojects w nderway in the G t iwood S;pring& 

'I ,e<J.ttie 7 4tJ. 'I J.J-ue: 

AViiliiiichi! li'iform.ati:on Cmtei': lhe 
CAJC does. ava1an(:he tlii!l·n··ng .and 
fo:retastlilgl lfor CDOT, i iiit,eas, and the 
gen r.al plllblh:. 

G'liS .and Teditnit.al Seii'v1tei: l1he GliS 
group pt� tedhnic.a1 ailld co.mp,l!ite:r 
assilS'taiice .an.d g1ra1phks ancl peubliareioo 
pl°OdllcJtiOll'li to .a'II (GS, �,,on 

Oii.itt'Ddii�· All of oo:r sect kins c:0inlduc1 
outr iKh to diff'ell'mt co.lismitueiit groups.. 
A good •example is our 2002 ,ror�o;p on 
oo li!ij:)$lble soil .and evaponte bi!'St 
hal!atds, whidii Wi!ls. het.d in El Jebe1 for a 
bl"Oad group. of .attendees. 

Publitationt:· CGS pulb 1sliles .aiid se Is. 
nllli'li'let'oUs. lfE!pom amdl map�, Prea� see oui" 
we:IJ. 'Siit fot a llstiltig ohhese pub 1ca.th:iiM. 

lhank )'OU lfor :tolir' mntiliiiU1ed i nleiest 
iii 1:h wo;k of the Colorado Geo'.logi:cal 
Sutvef. 

Ron· G:imtny is me 1art?l.im D.� and sra,r,e 
GeokJ.g-).it ar··CGS 

,J d/J.Ukd � to. tAe ,,o,lon- IJ>f �

I 6',ta'l.ado ,«J:ullut. le '™"' o/ ,th,
"-4� � -««49 "-I th A.J.UU4Ud-tt, _, s�� �,uu 
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