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. ABSTRACT

New heat flow data obtained in northéasterh New
Mexico and southeastern Colorado show three regioﬁal
trends. 1) A broad heat flow anomaly associated with
A the Southern Rocky Mountains contrasts with a narrow
heat flow anomaly between 35.5° . N. lat. and 34°
N. lat., : apparently associated only with‘the'Rid
Grande rift. 2) The high heat flow anomaly apparently
associated with the Southern Rocky Mountains extends
200-300 km onto the Great Plains of nértheastern New‘:
Mexico and southeastern Colorado. 3) Areas of extensive
volcanic activity do not necessarily have high héat flow.
In addition, measurements of crustal radioactivity in the
vicinity of the Rio Grande rift suggest that the radioacti&e
heat generatidn contributes uniformly to the surface heat
flow. This implies that the heat fiéw anomaly observed aloné
the ﬁio Grande'riftAis caused by téctonic and volcanic sources

and not by anomalously high crustal radioactiviﬁy;




INTRODUCTION

The purpose of this study was to refine the‘heat flow map
in northeastern New Mexico and southeastern Colorado and to
measure crustal radioactivity at drill sites in the vicinity bf
the Rio Grande rift in order to estimate the contribution of
crustal radioactive heating to the surface heat flow. Sixty-five
temperature logs were made in northéastern New Mexico dnd south-.
eastern Colorado-yielding fifty-three new unreduced heat flow
values (Figure 1). Nine new reduced heat flows have been made
along the Rio'Grande rift and vicinity in New Mexicd and southern

Colorado.



PRESENTATION OF HEAT FLOW DATA

. ~Table I summariies previougly unreported heat flow data at-
53 sites in.horthern Neﬁ Mexico and southern Co]orgdo. The location
of these and other published heat flow data is shown in Figufe 2.
Heat flow is ca]cuﬁated by multiplying measured linear thermal
gradients in drill tests by the corresponding average measured ther-
mal conductivities. A best heét flow value for each §ite is norma]iy
chosen by averaging the heat flow throughout the drill hole. However,
if the heat fluxes vary substantially we attempt to choose the heat
flow that seems most reasonable in light of the thermal conductivity
control, the linearity of the gradient, possible regional groundwater
moVemeﬁt or vertical movement of water within the well bore.. The
heat flow measurements are evaluated in Table I as A, B, or C, using
the criteria of Reiter and others (1975). |
Figure 2 shows the major basins and uplifts in northern New
Mexico and southern Colorado. The'hétched_areas‘show regiohs of ex-
tensive vé]canjc activity. Heat flow values vary considerably betweeﬁ
various volcanic areas. High heat flow values were observed in the
San Juan volcanic area (2.2-3.4 HFU) and in the Jemez volcanic field
(> 3.0 HFU). Somewhat lower heat flow values were observed in the
Mount Taylor volcanic area (1.5-2.0 HFU). Normal heat flow va]ues'
. were observed in the Raton, Clayton, 'and Capulin volcanic fields
(1.3-1.5 HFU). Lipman and others (1973) summarize K-Ar ages 6f upber
Cenozoic basaltic rocks in this region. The ages of volcanism range
from 16 to 23 my in the San Juan Mountains, from 0.1 to >9 my in the
Jemez volcanic field, from 0.1 to 3 my in the Mount Tay]or volcanic

field, and from 0.01 to 7 my in the Capulin and Clayton volcanic fields.



Heat flow varies from basin to basin within ﬁorthern New Mexico
and southern Colorado. In northwestern New'Mexico and southwestern .
Colorado the San Juan and Blanding basins exhibit normal heat flows
(1.3-1.5 HFU). In northeastern New.Mexico and southeastern Co1orado
the Las Vegas and Raton Basins have higher heat flows (>2.0 HFU).f In
east central NeQ Mexico the Tﬁcumcari basin has a'nqrma] heat flow
(1.4 HFU). |

Figure 3 shows a heat flow contour map of northern New Mexico
and southern Colorado. In.northeastern New Mexico.aﬁd southeastern
Colorado this map is a revision of a previous heat flow map published
by Reiter ana others (1975); The contours are solid lines in areas
where there is good control; that is, it appears unlikely that addi-
tional daté will significqnt]y change the character and location of -
the contours. Dashed contours fndicate that additional data may chanée
the location of the contours but probgb]y not the character. Question
marks are used where data coverage is sparse and conﬁiderab1e ambiguity
exists in the location and charactef“of contours. e

The Greaf P]aiﬁs has been considered an area of low to normal
heat flow (<1.5 HFU); however, this éharacterizatfon does not appear
to be generally valid in northeastern New Mexico and southeastern
Colorado where the heat fluxes vary from 1.3 to over 2.5 HFU. A broad
“heat flow anomaly in northern New Mexico and southern Colorado associated
with the Southern Rocky Mountain comp]ex contrasts with a narrow heat
flow-anémaly between Santa Fe (about 35.5° N. lat.) and
Socorro (about 34.0° N. lat.), New Mexico, apparently
associated only with the Rio Grande rift. Between 35.5°
N. lat. and 38.5° N. lat. the chaﬁgé from
heat flow values of 2.5 HFU, observed near the Rio

Grande rift, to heat flow values of <1.5 HFU, observed on the




Great Plains, occurs over a distance of 200 to 300 km. However,

' befﬁeen Santa Fe and Socorfo,.New Mexico, the change from heat |
flow values of >2.5 HFU to heat flow values of <1.5 HFU occurs
over a distance of 20 to 30 km.‘ Local anomalies in the Las Vegas
basin, the Raton Basin, near Pueblo, Colorado, and near Questé,
‘New Mexico, suggest that the heat flow pattern in the Southern
Rocky Mountains is more complex than shown in Figure 3. More data
will be necessary to determine the size and character of these

anomalies.



PRESENTATION OF RADIOGENIC DATA

Reduced heat flow values were calculated according to the defini-
tion given by Roy and others (1972). The best heat flow value at each
site is reduced by the amount AH where A fs the radiogenic heat production
at the site and H is_]o km. Roy and others (1972) and Deckeﬁ and Smithson
(1975) used H = 10 km to calculate reduced heat flows in southern New
Mexico. Potassium, uranium, and thorium concentrations were méaSured :
for each site using samples from the drill.hole and the heat production_‘
waslcahﬂﬂated by the technique. described by SWénbepgﬁ(ig72)..F“
 and by Rybach (1971){
| Figure 4 shows the locations of reduced heat flow sites in New
Mexico and southern Colorado. The reduced heat flows and associated
radioactivity data are presented in Table 2. Within the Southern Rocky
Mountain region the'feduced heat flows at Los Alamos. {(>3.2 HFU) and at
Crested Butte (2.1 HFU) are higher than the intercept q* (1.3-1.4 HFU)
' predicted by Roy and others (1968) for.the region. However the reduced
heat flow values at Questa (0.52 énd 0.74'HF65 are lower than the predi;ted_
'intercept. East of the Rid Grande rift, bétween Santé Fe and Socorfo, .
New Mexico, the reduced heat flow values at San Pedro (0.89 and 0.85 HFU)
compare closely with the 0.8 + 0.1 HFU intercept for the Great Plains as
suggested by Roy and others (1968) and Decker and Smithson (1975). West
of the Rio Grande in southern New Mexico, the reduced heaf-f]ow
value at Animas Peak (1.1 HFU) is intermediate between Basin and Range
" and Great‘P]ains values. A reduced heat flow of 1.4 HFU, a typical
Basin and Range value, was measured in the southern region near Qrogrande.
This differs from the value of 2.0-2.6 HFU that Decker and Smithson (1975) -

measured about 15 km to the south.



Figure 5 shows a plot of the ﬁéat flow versus heat
production for the Rio Grande rift and vicinity of. New MeKiCO‘_L
and southern Coloradoe. The s0lid line rePresenfs the linear
heat flow - heat pnoduétioﬁ:rélation_for the Basin and;Range
{Roy and others, 1968). Of the 19 values ﬁlétted,’oﬁly four;i.
Lordéburg, Santa Rita, Orogrande North, and Animaé Peak plot
within +20% of this linear relation. The;vertical dashed
iine, representing a crustal fadiOactive:heat'production'of
 0.38 HFU,isltﬁe average heat generétion of all sitéé measured
in this_stuﬁy.excluding‘Questa and Sierra'Blanca, where the
data plotted more than two standard deviaﬁions.fromﬁthe mean
radioactive heéat production.. This;implieslthat the_radioactiﬁe
heat generation im the Rio Grande :ift vicinity ié_reléﬁively,
constant,with about 0.38 HFU_of the unreducgd hgat flow coming‘

from radiocactive decay in the upper cruét._,



DISCUSSION

The Southern Roéky Mountain complex in northern New Mexicﬁ and :
southern Colorado is chaﬁécterizéd by a broad region of'high heaf flow
Wwith heat flows greater than 2.5 HFU along thé,Rio Grande rift and in -
tﬁe Las Vegas and Raton Basins. This broad high heat flow region narrows
significéntTy between Santa Fe@and Sacorro, Neﬁ Maxico, although more
heat flow data would better detefmine the continuity of thé high_ﬁeat'
flow ribbon between?ﬂlnxnxﬂxmxaénd Socorro. This heat flow pattern
suggestswidely distribUtéd and perhﬁps deepér thermal sources under the
Southern Rocky Mountain complex of northern New Mexico and'southern"'
Colorado, as opposed td nafr0w1§ distributed, sﬁaJIOWEr thérma] sources
under the Rio Grande rift. Betweeﬁ 35I5° ‘N- late.. _.‘and 38.590 N.:'
]at. the trans1t10n from heat flows Tess than 1 5 HFU on the Great
IPTains occurs over,a d1stance of 200 to 300 km The same heat flow
transition occurs over 15 to 35‘km between Santa Fe and Socorro, New
Mexico { for -example along 34.5° N. lat.). | - The narrow w{dth of
the heat flow anomaly along the Rio Grande rift between Saﬁta Fe and
Socorro, 15 to 35 km,implesthat the width of the thermal source at
. depth is probably no greater;than 15 to 35 km. 1If one assumes that a
continuous ,sdbsurfaée thermal source underneath the Rio GFande rift is
solely responsible for the narrow ribbonlike heai‘flow pattern between
" .Santa Fe and Socorro then the -associated half width of the observed heat

flow anomaly suggests that the thermal source is ho deeper than 15 to 35.:
km. This conclusion agnees~w1th geochem1ca1 data presented by L1pman
: (1969) and with seismic data presented by .s;nford and others (1973). The

broad heat flow anomaly ‘in the Southern Rocky Mountains implies more wide]y



distributed sources probably deeper than those under the Rio Grande
rift. 7 | | | | |
. Gough (1974) shows that areas hav1ng h1gh heat flow genera]]y
have h1gh electrical conductivity in the mant]e Caner and. others
(1967) and Reitzel and others,(197OJ have shown that the e]ectffcal
conductivity énqma1ies follow closely the boundaries of structufa],
provincés with the eﬁecfrita] conductivity in thevﬁant1e intreasing‘
from the Great~P1ains to the:Southern Rocky Mountains and then de;.
creasing again under the Colorado P1atéau.- The new heat flow data
presented in thfs manuscript show a broad heat flow anomaly asSociate&
with the. Southern Rocky Mounta1ns extend1ng onto the Great Plains of
- northeastern New Mexico and southeastern Co]orado (Flgure 3}. Caner ‘
and others {1967) discuss an electrical conductivity anomaly which
E abpeérs coincidenf wfth'this high heat flow anomaly. waevEr, Porath’
'4and Gough (1971) postulate the existence of two d1st1nct electr1cal
conductivity anoma11e: super1mposed in this area one a mant]e feature-
associated with the Southern Rocky Mounta1ns and the other an upper
crustal anomaly due to the conductlng sediments of the deep Andarko
Basin of southwest Oklahoma. Caner {1970) poznts out that such a re-
interpretation of the original data is possible. The new heat %1uw A
data are consistent with the original interpretation of the gebmagnetic
data by Caner and otﬁers (1967) and are not consistent with thé ﬁore
recent interpretation of geomagnetic data by Porath and Gough (1971)
and Caner (1970).

Porath and Gough (1971) show a model for a geomagnetic proflle at >'
38 N. lat. The depth to the conducting layer is 350 km under

the Great Plains, 150 km under the Southern Rocky Mountains and 350 km
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under the Colorado Plateaul Poraihl(lg?i) shows an alternative model
to fit fhe same data. The depth to the conducting'Tayer*under»the Gfeat
Plains ié 160 km; however, the conducting layer under the-SButheranocky-“
Mountains is modeled as a ridge‘an& step s{nucéure,with'the shallowest |
‘ depth to the conduﬁt{ng layer as 45 km. New heat flow data présented-in
tﬁisImanuscrfpt sHow'high heat flow'anomﬁ1ie5 in th; Las Vegas Basin, the
Raton Basin, and near Pueblo Co]orédo {Figure 3}. Present heat flow data
indicate alsmall decrease in heat flow Qnder the Southern Rockyumbuntains
near Questa. -The éomplex'lherma1 structure in this area-suggests that.a
ridge and step e]éctrica1'COnductivity~m0de1 for the mantle is reasonable.
The high electrical conductivity undgf the Southern Rocky Mountains imp]ﬁesj
high mantle temperatures (Madden, 1970; Gough and Porath, 1970): The .broad
high heat flow anomaly associated with the Sbuthern Rocky Mountains may re-
flect these high mantle temperatures. . o ‘ | |

With data presently available it is not pdﬁsibTe.to déferminé’if the.
source of the high heat flow anomaly that extends onto the Great Plains is
a continuation of the source of the hiéﬁ héatmfiow‘anomaiy associated with
the;Southern Rocky Mountains. It is possible that twolseparafe high'heat~
flow anomalies exist, one coincident with the Southern Rocky Mbuntainsland )
the other asSocigted wjth;the Raton and Las Vegas Basiné. -fhe supeﬁposition"
of two anomalies with the possible masking effects of deéﬁ-gfoundwater o
motion éou]dtp?oducelthe observed an0ma1y. Suppe and.othefs (1975} have
proposed a th—Sp5t=t?ace:écrbss New Mexico from fhe White Mountain vo]canic.;
field of eastern Arizona to the Raton-Clayton-volcanic field in-the.Great
PTajns of northeastern New Mexico witﬂ the hot-spot presently near Raton,
New Mexico. This hot—Spot could possibly be the source of the high heat

fiow anomaly in the Great Pldins.
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‘Heat flow data measured in vo]caﬁiC‘are&s (Figure 2) vary signifi;
cantly from one area to anbéheri' The volcanics of the Raton-Clayton -
fié]ds are derived.from.the mantie with essentially no crustal contamin% .
'ation (Joneés and bthers, 1974), the heat fiows measuied in this area range
from 1.2-1.5 HFU. The tholeiitic basalts within the.Rio.Grandesiiftn

‘1n northern New'Mexﬁco.and southern Colorado probab]ylfractionated at a
depth of 15-20 km (Lipman, 1969; Lipman and others, ]9?3).‘ This area 1is
characterized by heat flows greater than 2f5 HFU.. The volcanic rocks in

‘ the,Saﬁ Juan volcanic ared of southwestern Colorado erupted from,d c1usﬁer
of central vent volcanoes (Eardly, 1962; Lipman and others, 1973). The
western anﬁ central portion 0f the‘San Jduan volcanic¢ area contﬁih,abqndant
cauldron subsidence structures (Luedke and Burbank, 1958; Steveniand‘Epiﬁ,

11968). - This area has ﬁigh heat flows (2.2-3.4 HFU),bﬁt the va]uéS'are‘not
ﬁonsistent]y as high-aslthose within the n0rthern R10 Grénde rift; The .
Jemez v01caniciarea in north—ceﬁtra] New Mexico is the result of mu]tib1e
-eruptions which have produced an immense cauadron struétﬁre.' fhe heat M
flows on the western side of the Jemez-;olcahic area are greater- than |
3.0 HFU (Reiter and others, 1976fL1_The Mount Taylor volcanic field fn
nérth;centra1‘New.Mexico is the result of q'large‘centfal vent volcano.
The heatlf]ows.in the Mount Taylor area range from'I.S‘ta 2.0 HFU (Réiter
and others, 1975). o o

. The heat flow data wifhin*the basins of northern New'MeXica and -
southern Coloradoe also show consideréb1e variation between basins. fhe

) anomé]ou51y high heat flows in the Las Vegas and Raton Basins contrast

wifh normal heat' flows in other basins within the region, the San Juan,
thé Blanding and. the Tucumcari Basins. 'The Las Vegas and Raton Basins

have been extensively intruded by igneous rocks {Johnson and others, 1966 ;
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Johnson, 1968). The Tucumtafi_Basie in the Great Plains of eastern
New'ﬂexico? and the San Juan and Blanding Basins wﬁtﬁin the'Colorado.
Plateau, have.-had Tittle igneous oe volcanic activity (Eardley,_]gﬁz).
E The results of the crustal radiogenie measurements in the Rie Grende
rift vicinity (Decker and Smithson, 1975; thiS'Studj“'f) suggest that
radioactive decay in the upper crust contributes abﬂdt ﬁ;38 HFU to fhe
unreduced heat'f1oﬁiwithin the area (Figure 5}. 'This implies thet the
heat flow anoma]fesrobserved in'New Mexico and southern Gqurado'along .
the Rio Grande rift, (this study;‘Reiter and others, 1975; Decker and
Smithson,‘19?5)‘ere not caused by ]ateeaT variations in the concentrations
vpf potassium, uraniun and thorium within the ceust. The Rio Grende rift
"_high heat flow anomaly observed by Deckér and Smithsen‘(lg?S) in'soutﬁern
New Mexico and by Reiter and others {1975) throughout New Mexico and
~ southern Co]orade'is probably a result of non—radioaetive'thermal sources
‘underneath the Rio Grande depression. ‘. ' o '
The low reduced heat flow values at Questa, 0.52 HFU and 0.74 HFU,

are below the 1.4 HFU intercept of the Southe;ﬁ'Rocky:Meuntain-Basin_anq -
Range heat flow prov1nce The feduced heat flew value of 0. 59 HFU af

Sierra BIans:a1s below the 0.8 HFU intercept for the Great P1a1ns heat
flow prov1nce ' The heat generat1on measured at these sites is three t1mes
greater than the average for the R]O Grande rift vicinity. It is possible
“that the samples measuréd at these sites are;not;repfesentative,:ofjthe' |
upper crust. The reduced heat flow values of 0.89 -and 0.85.HFU at San
Pedeo suggest that this area is part of the Great Plains heat fiow province.‘
Reduced heat flow values of 2.1 HFU et Cfested.Butte and >3.2 HFU in the |
Jemez Mounta1ns suggest the presence of additional nonradioactive, therma]
sources w1th1n the crust and upper mantle at these sites: Ihe peduced heat

flow value of 1.1 HFU at Animas Peak is somewhat low for 'the Basin,ane Range.
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The value of 1.4 HFU at Orogrande is appropriate for the Basin and
Range. The uncertainty of all reduced heat f]ow'méasurements,in the
area is quite high,and caution should be exercised when considering

the significance of a value at a single site.
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Table 2. Summary of Radioactivity and Reduced Heat Flow Data

Rock - No. of ' : Heat Reduced

.Well Name Type Samples Potassium Uranium Thorium  Generation Heat Flow
B : (2) (ppm) (ppm) . * (HGU) (HFU)

Crested Butte™ Monzonite 5 4.10+.20 1.95+ .15 5.41+ ,51 | 3.05 2.10
Questa/Eastt  Granite 3 6.78t.55 13.02¢2.01 31.71% .57  12.85 0.52
Questa #2 Granite 5 "1.49t.24 13.61+1.23 25.07+1.43 ;2.97_ | 0.74
Los Alamos* ° Granite 4 3.52£,17 10.92£ .39 15.95:3.23 3.09,  >3.20
san Pedro #3%  Monzonite 6 2.55+£.18 2.51% .30 10.95: .80 .-.3;98  0.89
San Pedro #4  Monzonite 4 3.33£.11  3.39% .07 12.02% .24 4.88 0.85
Sierra Blanca’ Monzonite 4 i"3.36£.63 - 9.97+3.24 28,65:6:78.- .11.76 ' 0.59
‘Animas Peak®  Granite 5 3.96:.20  5.18% .33 14.50% .58  6.55 1.05
Orogrande+ " Granodiorite 6 3.18t;31 1.96+ .20  7.37¢ .25 3.18 . 1.43

Tunreduced heat flows from Reiter and others (1975).

* " " n L n " - . (1976b) N




Figure 1. Heat flow sites in the Four Cofners States. Solid
‘diamonds indicate data from Birch (1%47, 1950}, Lovering (1948),
Herrin and Clark (1956}, Spicer (1964}, Roy and others (1968),

. Warren and others (1969}, Decker {(1969), Sass and .others (1971},

Costain and Wright (1973). Open diamonds indicate data from

M. Reiter and others{1976a, 1976b). Solid circles indicate data
.from Reiter and others (1975). Open circles in Arizona, Utah,
western and southern New Mexico, indicate unpublished data of
Reiter and others. Open circles in northeastern New Mexico and
southeastern Colorado, within the hatched area, indicate data
from this manuseript. Sites where data are disturbed such that
no heat flow information is obtainable ‘are indicated by X.

Figure 2, Heat flow sites in northern New Mexico and southern
Colorado. Data in parenthesis from Reiter and others (1975)
and Reiter and others (1976a, 1976b). Data in brackets from
Decker (1969) and from Sass and others (1971). Other data
presented in this manuseript. '

Figure 3. Terrestrial heat flow contour map of northern New Mexico
and southern €olorado. Contour interval, 0.5 HFU. Plus signs indi-
cate control sites measured by New Mexico Institute of Mining and
Technology; Xs indicate control sites measured by other investigators,

Figure 4. Reduced heat flow sites in New Mexico and southern
Colorado. Reduced Heat flow data in parenthesis from Decker and
Smithson {1975). Other reduced heat flow data presented -in this -
manuscript. _

»

Figure 5. Heat generation wversus heat flow in New Mexico - E
and southern Colorado. (+} reduced heat flow site from this
manuscript; (x) reduced heat flow site from Decker and -
Smithson (1975)
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