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Abstract - The Carri zozo lava !low in New Mexico is an exce llent location to study the emplacement of a 75-km-long basaltic flow 
field. the longest sub -aerial lava flow in the United States. Different ial Global Positioning System data of the Carrizozo !low field 
have revealed important new detai ls a,bout the rel ief and emplacemen t of thiS' compound group of fl ows. The topographic data show 
distinctive len'acing along the tlow margi ns in both the proximal and dista l portions of the flow field, interpreted to indicate multiple 
episodes or scales for flow emplacement at these locations. A topographic transect - 10 km down flow fro m the vent, as well as ele-
vations for the level upper surfaces of fl ows at the distal margin. support the interpretat ion that mUltiple flows banked agai nst earlier 
episodes to bui ld the t1e ld fro m east to west. The narrow central portion of the tlow has a single medial ridge. interpreted to be a 
co ll apsed lava tube remnant. All observati ons indicate that the tlow field is "the product of relatively slow effusion, flow inflation, 
and subsequent detlation in the proximal reaches. These conclusions also have implications for long lava tl ows on other planetary 
surfaces. 

INTRODUCTION 

The 75-km-long Carri zozo flow fie ld is one of the .Iongest sub-
aeri a l Holocene lava flow complexes in the United States. The great 
length and the excellen t preservation of this flow make it a particular-
ly favorab le subject for detailed investigati on. The current study is 
motivated both by a desire to understand how this particular flow field 
was emp laced, and for assessing its potential as an analog for long 
lava flows observed on vo lcanic terra ins on many planetary surfaces. 
A pre liminary examination of detailed topographi c information of the 
Carrizozo flow was conducted as an aide for interpreting flow charac -
teri stics thro ugh remote sensing data. An assessment of the detailed 
topography of the Carrizozo flow provides new insight into th e 
emplacement of long flows in gencral. w ith poten tial application to 
long 'lows vis ible on many telTestrial planetary surfaces (Zimbelman 
and Johnston, 2000). 

The Carrizozo flow field is located in south-centra l New Mexico 
(33° 15' to 49'. N. latitude, 105° 52' to 106° 19' W. longitude; UTM 
zone 13 S, 377200 to 411400 E, 3680600 to 3742500 N), west of the 
community of Carrizozo (Fig. I). The flow field already has been the 
subjec t o f a previous study that related it to long lava flows on other 
planets (Keszthe lyi and Pieri, 1993). The present work benefits from 
signi ficant technological advances available subsequent to the prev i-
ous study. 

Ana lysis of the prec ise topographic data of the Can'izozo lava 
flow field presented herc represent s a unique opportunity to quantify 
the topographi c attributes of long basa ltic lava flows. New remote 
sensing instruments, s uch as thc Mars Orbiter Laser Alt ime ter 
(MOLA) on the Mal'S Global Surveyor (MGS) spacecraft (Smith et aI., 
1998, 1999), are providi ng unprecedented detai led topographic data 
[or diverse planetary surfaces. Si milar laser and radar sensors are gen-
erating new, de ta iled topographic data sets for many st udy areas on 
Banh, revo lutionizing the way that many geomorphic problems can be 
addressed. The interpretation of these new data is aided s igni ficantl y 
by Ihe cu rrent avai labili ty of portable precisio n navigation and survey-

equipment. Th is report provides some early resul ts from an on-
going investigation of the Carr izozo flow field . 

BACKGROUND 

The Carri zozo lava flow is a well-preserved example of a com-
(consisting of multiple now components) tube-fed pahoehoe 

ve ly sm'oo th g lassy s urface emplaced under limited stra in 
tlow fie ld, traceable for 75 km from the vent area to the 

margin (Keszthe ly i and Pieri, 1993). The flow field covers -330 
to an estimated depth o f 10 to 15 m, for a total erupted vo lu me of 

-4.3 km3 (Allen, 1952). T he lavas are intermediate in composition 
between a lkalic and tho le ii tic basa lts , and are consistent with the 
regio na l vo lcanism associated with the Rio G rande rift (Renault , 
1970; Faris, 1980; Anthony et aI., 1992, 1998). Various researchers 
(e.g., Anthony et a I. , 1998 ; Dunbar. 1999) have distinguished 

FIGURE l.The CalTizozo lava flow in south-central New Mexico. Located 
west or the town of Carri zozo (black arrow), the tlow extends 75 km south-
south west from the apparent source vent at Little Black Peak (white cross). 
US Highway 380 crosses the northern porti on of the flow (whi te arrows), and 
the Oscura Range Road crosses the narrow cen tral port ion (white arrows), on 
White Sands Missile Range . Portion of a Landsat Thematic Mapper Band 4 
image, taken on 7/30/99, subsampled from the original 33 m/pixel georefer-
enced data. North is to the top. 
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FIGURE 2. Components of the Trimble 4800 Differential Global Positioning 
System (DG PS). The base station collects data at a fi xed location for the dura-
tion of the survey. The roving unit (i nset) collects the survey poinls. Post-
processing of data from both units provides the differentially corrected topo-
graph ic data. Digital images taken by JRZ on 9/28/00; approved for publica-
tion by U.S. Army. 

between upper and lower Carrizozo flow units, separated by a narrow 

"neck" in the medial reach (Keszthelyi and Pieri. 1993). However, 

chemical analyses to date have revealed no evidence for distinct dif-

ferences between the lavas in the upper and lower units. Flow mor-

phology was used to evaluate possible flow emplacement rates, lead-

in g to the co nclu sion that a typical Hawaiian rate (-5 m3/s), 

consistent with tube-fed pahoehoe fl ows, indicates an eruption dura-

tion at Carri zozo of nearly 3 decades (Keszthelyi and Pieri. 1993). 

Recent cosmoge nic (isotopic changes induced by exposure to high 

energy particles) studies indicate exposure ages of from 4,800 years 

(Anthony el al., 1998) to 5,200 years (Dunbar, 1999) for the flow 

field , providing agreement well within the 1700 and 700 year associ-

ated error estimates, respectively. These dating results make the Carr-

izozo lavas the second youngest volcanism in New Mexico (Anthony 

et ai. , 1998), after only the 3000 year age of the McCartys basalt flow 

near Grants (Laughlin et aI., 1994). 
The emplacement of long lava flo ws has generated considerable 

controversy, particu larl y with regard to the rate and style of 

emplacement. Two models for emplacement of long lava flows with-

in the Columbia River Basalt (CRB) group represent the ex tremes in 

the flow emplacement debate. Turbulent fl ow powered by th e 

hydraulic head produced by the gently sloping upper surface of mas-

sive flows leads to emplacement times of days to weeks for flows 

hundreds of km in length (Shaw and Swanson, 1970). In contrast , 

obser-vations of intlation of acti ve Hawaiian basalt flows (Hon et ai., 

1994) led to the interpretation of several CRB flow s as inflated 

pahoehoe flow s emplaced over periods of many years (Self et aI., 

1996, 1997). Long lava flows on several planetary surfaces were 

investigated recently in an attempt to understand their overall 

geometry, to provide constraints on possible modes of emplacement 

(Zimbelman, 1998). Geometric information about flows derived from 

imaging data alone usualJ y is of insufficient precision to provide 

st ron g constraints on flow vo lum e a nd related modes of 

emplacement. The Carrizozo flow . provides a unique opportunity to 

obtai n detailed information about long basalt fl ows that should be 
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very helpful in assessing the emplacement of compound fl ows on 

variety of planetary surfaces. 

METHODOLOGY 

Precise topograph ic data were collec ted from locations around 

the Carrizozo flow margin that cou ld be readily reached. Easy 

access was complicated by the fact that the distal half of the flow lies 

within the boundary of the White Sands Missile Range (WSMR), 

admini stered by the U. S. Army. Through the considerable efforts of 

Mr. Robert G. Myers, Environment and Safety Directorate, WSMR, 

access was granted to the lava flow on WSMR during two field trips 

to th e area , the fi rst in November , 1999 , and the seco nd in 

September, 2000. For the proximal half of the flow , access was hin-

dered fo r portions of the flo w located on pri va te land. Transects 

across the entire flow width were obtained on ly adjacent to estab-

lished roads; U. S. Highway 380 crosses the fl ow - 10 km down flow 

from the vent area. and the Oscura Range Road crosses the narrow 

neck of the flow -40 kIll from the vent area (Fig. 1). At locations 

away from roads, short traverses across the flow margin were made, 

starting on the terrain adjacent to ttie flow and extending to where a 

relati vely level upper flow surface was reached. 
Topographic measurements were obtained using the Global 

Positioning Systcm (GPS). Use of GPS allows high quality data to 

be collected over very large areas in relatively short periods of time. 

FIGURE 3. Proximal portion of the Carrizozo now, with elevations (in while 
boxes. in m) on the flow surface at the location of the white dot, and now mar· 

gin thicknesses (in m) where indicated by the black arrows. Where the margin 

showed distinct terracing, mul tiple thicknesses are li sted. all relative to the sur· 
face immediately adjacent to the flow. NOlth is to the top. 
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FIGURE 4. DGPS survey along the north side of US Highway 380. running 

west to east. across the northern portion of the flow (see Fig. 1). An east-

dipping slope dominates the western 3 km of the fl ow, changing to a horizon-

ta l base level east of the sloping section . Precision of measu red locations is 

much smaller than the size of the symbols. 74X vertical exaggeration . 

The equipment used in this project was a Trimble 4800 Total Station, 

a carri er-phase Diffe renti a l GPS (DGPS) sys tem. This system 

includes a GPS base station that remains stat ionary (Fig. 2). and a 

roving receive r used to co llect data points (inset. Fig . 2). equipped 

w ith a fixed-height pole and bubble level that allowed accurate posi -

tions to be determined even on the rough lava surface. The ho rizontal 

accuracy of thi s system, relati ve to the base s tation, is - I to 2 cm: 

ve rtical accuracy is -2 to 4 cm. The GPS data from both the base sta-

tion and the roving receiver were post-processed in the field us ing a 

laptop computer. . 

The bGPS survey was divided into two sections. For the suuth-

e rn part of the flow . the GPS base station was located within WSMR. 

For the northern part, the base station was relocated to the Valley of 

Fires Recreation Area, south of U. S. highway 380 on the lava !low 

(Fig. 1): Tht:se s ites were requi~'ed to be approximately in the ce nte r 

o f the work area and were chosen to provide good satellite vis ibi lity . 

The base station positions were determined to an accuracy of - I to 2 

m us ing a Trimble ProXRS GPS receiver equipped with a satellite-

based differe n'lial correction system. 

RESULTS 

The proximal portion uf the flow is distributed around Lillie 

Black Peak (LBP, Fig. 3). the infe rred sou rce for the !low field 

(Thci lig. 1990). Public roads provide good access from the north to 

the western edge of the proximal flo w, where three short transects 

were obtained over the !low margin. Results for margin measure-

ments (Fig. 3) include /low thickness in meters above the level of the 

surrounding terrain (numbe rs by black arrows indicating the measurc-

ment location). and the e levation in meters of the flat uppe r flow sur-

face (values in white hoxes, corresponding to locations indicated by 

the w hite dots). 
A remarkable aspect of the margin thickness values is the di s-

tinct ten'acing that is evident at some locations. ind icated by multip le 

thickness va lues for a given location (see Fig. 3). Where terrac ing is 

present. the va lues represent the thickness ( re lative to the 

surroundings) as one progresses up the terrace leve ls. The terracing 

appears to re sult from di stinct pulses of lava extrusion;. the lowest 

o uter level is typically caused by small pahoehoe squeeze-outs, while 

second and third levels correspo nd to massive flow compone nts wi th 

qu ite level uppe r surfaces. Interior to the terraced margins, the proxi -

mal flow li ke ly co nsists of a mass i ve flow at least 8 m thick. the larg-

est single thickness measured for the proximal portion of the flow. 

No obvious tlow boundaries were ev ident w ithin the proximal flow . 

e ither on the ground or in satell ite images. The e levations of upper 
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flow surface along the northwestern margin are consistent with flow 

away from the Little B lack Peak area, but as the eruption progressed, 

the vast majority of the flow found easier down-gradient access (0 

the southeast than to the northwest. 
U . S. Highway 380 (Figs. I and 3) provided good access for a 

transect across the entire flow width, at a distance -10 km down 

flow from the Little Black Peak vent area. A transect parallel to the 

highway was obtained, documenting the surface topography -20 m 

north of the flow surface d isturbed by road construction (Fig. 4). 

Measure-ments were collected where there were obvious breaks in 

s lope on the flow surface, w hich a lmos t always corresponded to 

numerous press ure ridges oriented parallel to the flow direction. 

Individual press ure ridges cut by the highway all reveal massive, 

mostly non-vesicular inte ri ors, often cut by medial cracks LIp to 5 m 

deep. "A di stinctive aspect of the hig hway transect is the eastWllrd dip 

(-0.55°) of the western 3 km of the flow. 

East of the east-d ipping portion of the transect, the flow appears 

to have a very consistent minimum surface elevation, punctuated by 

many pressure ridges . The abundal)t pressure ridges are interpreted 

here to be indicative of s ignificant flow inflation (that is , the original 

flow lik.ely was at least as thick locally as any pressure ridge height) 

during emplacement, with subsequent deflation between the high-

standing massive pressure ridges. While distinct flow margins were 

not evident in the [ield, topography a long the u'ansect is interpreted 

to indi cate that the easternmost ( re lati vely level) flow component 

was e mplaced firs t, with subsequent flows emplaced on the gen tle 

east-clipping surface by hanking up against the western margins of 

previous flow components. There was no field evidence indicative 

of post-flow fault ing to produce tht: eas tward dip. cons istent with 

lim ited tectoni sm anticipated to affect such a young flow. A portion 

o f the fl ow east 0[' the highway transect consists of a single mass ive 
:t 
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F1GURE 5. Medial ridge on the narrow central pOition of the flow. north of the 

Oscura Ra nge Road. a) Looking east, three hi ghs (numbered) are ev ident on 

the sin llous ridge profil e. b) Looking north. from hi gh #l toward high #2 

(upper surface traced with black line for ciarily) and high #3. c) DGPS survey 

of high #2. running west to east across the ridge to the eastern marg in of the 

flow. The survey line does not correspond to the profile view in pat1 b. IlX 

vel1ical exaggerat ion . Digital images taken by JRZ on 9/28/00: approved for 

publication by U.S . Army. 
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FIGURE 6. Dis tal portion of the Carrizozo flow , with e levations (in white 

boxes, in m) on the flow surface at the location of the white dot. and flow mar-

gin thick nesses (in m) where indicated by the black arrows. Where the margin 

showed distinct terracing, mu ltiple thicknesses are li sted, all re lative to the sur-

fa"e immediately adjacent to the flow. The apex of a poss ible "lava delta" is 

labeled at the terminus of the prominent medial ridge that runs along the nar-

row central portion of the flow. North is 10 the top. 

unit twice as th ick as most pressure ridges along the transect, with an 

upper surface 12 m higher than the eas tern end of the transect (1608 

location, Fig . 3). This easternmost flow component experienced no 

significant deflation and may post-date all other fl ow components 

sampled along the transect. 
The narrow central port ion of the flow (center, Fig. 1) appears to 

result from two effects; constraint by the shallow but consis tent 

slopes on both sides of the valley, and probable concentration of all 

effu sion through a s in gle central tube. Measurements around the 

Oscura Range Road on WSMR, crossing the flow where it is only 

-500 m wide, show flow attributes distinct ly different ti'om both the 

proximal and distal reaches. One prominent medial ridge rises above 

broken pahoehoe slabs that comprise the remainder of the flow (Fig. 

5). Viewed perpendicular to the flow, the medial ridge displays a reg-

ular sinuous profile where talle r portions are separated by relative 

lows (Fig. Sa). Indi vidual highs of the medial ridge consist of a com-

plex jumble of pahoehoe plates -20 to 30 em thick (Fig. 5b), and 

cross- now relief strongly suggests the ridge is the collapsed remnant 

of a single large lava tube (Fig. 5c) . No actual preserved tube section 

was found at the Oscura Range Road locations. Ofr the medial ridge, 

ex posed flow material is more consisten t with broad pahoehoe 

squeeze-outs associ ated with terraced margins th an with the level 

interiors of the proximal and distal components. 

Distal portions of the flow fie ld again display sam of the flow 

attributes observed in the proximal portion of the tlow. Distal margin 

measurements revea l terracing at several locations (Fig. 6); the lowes t 

terrace level corresponds to pahoehoe squeeze-outs, with one or two 

distinct leve ls present above the squeeze-out level. Few indi vidual 

pressure ridges were observed in the distal portions of the now , 

where the flow interior is more remini scent of an inflated ' platform ' 

than of a de tlated pressure ridge region. It is significant that thick 
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interior sections reappear short ly dow n fl ow from where the medial 

ridge terminates in a dark fan of mate ri al as revealed in the sate lli te 

image (right ce nte r, Fig. 6). Durin g th e fie ld meas urements. we 

observed that wherever the sate lli te image showed a localized dark 

reg ion on the now , th is invari ab ly correspo nded to a region of 

intensely jumbled pahoehoe plates. A dark fan at the down tlow ter-

mination of the medial ' ridge is interpreted to be a " lava delta" 

(center of Fig. 6), where effu sion left the confines of a single large 

tube and once again fed broad intlated flows. T his interpretation of 

the " lava delta" region will be tested during our next trip to WSMR 

Margin thickness values at the di stal termination of the flow 

fie ld are consistently much less than the 'thickes t values obtai ned 

e ither further up flow or deeper within the fl ow interior. The 3 to 5 m 

thickness level at di stal margins may represent a disti nct terminal 

phase of effusion when the massive (10 to 13 m thick) tlow interiors 

were st ill mostly mo lten but perhaps no longer were being supplied 

by effu sion from the vent. A westward increase in the e levation of 

the level upper surfaces for components of the distal flow (values in 

white boxes, lower left of Fig. 6) may result frolll the earl iest compo-

nent being emplaced along the eastern side of the final flow. Subse-

quent components banked aga inst the previously empl aced fl ow 
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FIGU RE 7. Hypothesized emplacement sequence of flow components at the 

dI stal end of the Carrizozo flow fie ld (compare to Fig . 6). The annotated 

image shows separate flow components, i d~nt i fied from both the topographic 

characteristics of the fl ow surfaces and flow margin locations interpreted from 

the image. Four flow lobes were emplaced, ·with progressively higher now 

surface e levations, as they banked against the western edge of previously 

emplaced flows. Flow component D was not visited in the field, but its sunace 

is inferred to be at a higher e levation than the three components that make up 

the di stal now margin. ' 
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CARRIZOZO LA V A FLOW 

FIGURE 8. Portion of the Strenia Fluctus flow field (41 oN lat.. 250° long.) on 
the northern lowland plains of Venus, with the Carrizozo flow field (lower 
right) shown at the same scale. The Venusian flows are longer and wider than 
Carrizozo, possihly due to the ex tremely shallow topograph ic gradient (-0.05") 
of these plains (Zimbelman. 1998). Venus image is from a porti on of a Syn -
thetic Aperture Radar image (F-MTDR 40N251) taken hy the Magellan 
spacecraft. 

lobes (Fig. 7), s imilar to our interpretation of the highway transect. 
All of these results and interpretations are consistent w ith the previ-
ous interpretation that the Carri zozo flow is a compound fie ld of 
inflated pahoehoe flow components (Keszthelyi and Pieri, 1993). 

DISCUSSION 

The topographic measurements and field observations reported 
here appear to be most consis tent with a relatively slow effusion rate 
for the basalt that comprises the Carrizozo flow field. In particular. 
practically no exampl es of aa cl in kers (b locks wi th spiny g lass pro-
jec tions produced by strong ly sheared flow) were observed anywhere 
on the fl ow. Pahoehoe fl ow textu re has been shown to correlate we ll 
with relatively low effusion rates «20 mJ/s) for historic Hawai ian 
lava nows, while aa texture is most often associated w ith higher effu-
sion rate flows with a levee-confi ned open centra l channel (Row land 
and Walker, 1993). The abu ndant innation and denation fea tu res o n 
the Carri zozo flow field a lso support re latively low effusion ra tes 
(e.g., Self et aI., 1996). There was no evidence to indicate an open 
leveed channel was ever act ive at any time during the emplacement 
of the Carrizozo flow fie ld. 

Flow concentration in the narrow central reach might be in part 
a response to the loca l g radi ent , in that thi s reg io n has a s teepe r 
down-val ley grad ie nt (_0.4°) than the distal g radi ent (_0 .2° ). 
However. there is no obvious topographic ' trigger' to cause the medi-
a l tube to form -20 kill fro m the vent, the location identified as the 
separation point for the upper and lower Carrizozo fl ows (Dunbar, 
1(99). S uppl y to the di s tal n ow front throug h a s ing le large tu be 
implies pro longed and re lative ly continuous effusion, or e lse cooling 
lava could easi ly have blocked the tube if effu s ion had' temporarily 
ceased. or even varied sig nifi cantl y in magnitude as a func tio n of 
time. All of these inferences are in terpre ted to support prolonged, re l-
atively s teady-state, low effu sion rate «20 mJ/s) flow for the Carri-
zozo fl ow fie ld, cons is tent with previous estimates that flow e mplace-
ment like ly spanned nearly tl1l'ee decades (Kesz the lyi and Pieri, 
1(93). 
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The topographic attributes of the CatTizozo flow fie ld may 
provide an excellent ana log fo r interpre ting the emplacement of 
si milar compound pahoehoe flow fields on other planetary surfaces. 
Fo r example, radar roughness properties of volcanic terrain on 
Venus indicates that virtua lly all of the volcanic fl ows visible in 
Magellan radar images are likel y have a pahoehoe surface texture 
(Campbell and Campbell, 1992). Flow fields on the low land plains 
of Venus, some with ohservable compound attributes, likely were 
also emplaced under low Hawaiian-style effusion rates li ke the Car-
rizozo lava fl ow (Zimbelman. 1998). T he Venusian tlow fie lds are 
typically much larger than the Carrizozo flow fie ld (Fig. 8), perhaps 
a consequence of the ex tremely low gradient (-0.05°) present on 
the plains of Venus. Detailed topographic data of the Carrizozo 
flows should provide a documented ten'estria l analog to which other 
planetary flow fie lds can be compared. The precise topog raphic 
data being obtained c urren tl y all over Mars through the MOLA 
instrument (Smith <::t a I. , 19(8) means that the Carrizozo ana lo.g 
may soon be app lied to analysis of potential compound flow fie lds 
on Mars. 

CONCLUSIONS 

The Carrizozo flow is an excellent location to study the 
emplacement of a 75-km-Iong basaltic flow field. Differential Glo-
bal Positioning System (DGPS) data reveal important new details 
about the relief of the CatTizozo flow field . The topographic data 
document dist incti ve terracing along the flow margins in the proxi-
mal and dista l portions of the flow field, interpreted to be indicat ive 
of multiple episodes o.r scales 0.1' flow emplacement at these 
locations. Both a topographic transect -10 km down flo w frolll the 
vent. and e levations of the level upper su rfaces of flow com ponents 
at the distal margin - 75 km from the vent. support the interpretation 
that multiple flows banked aga inst earlier episodes to build the field 
from east to west. T he narrow central portion of the flow is do mi -
nated by a single medial ridge interpreted to be a co ll apsed lava 
tube remnant. Allobservations indicate th at the flow field is the 
result of relatively s low effusion, flow inflation. and subsequent 
deflation in the proximal reaches . 
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