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RESUMEN 
Los estudios paleomagnéticos realizados en la secuencia volcánica del Oligoceno tardío de la provincia de la Sierra Madre 

Occidental, en la región de Durango, permiten delinear la estratigrafía volcánica a partir de las observaciones de cinco reversio­
nes (seis periodos de polaridad) y en los patrones de variación paleosecular del campo geomagnético. Para diecisiete unidades 
distribuídas en dos diferentes áreas, separadas unos 30 kilómetros, se obtuvieron las direcciones características de magnetización 
remanente. Los resultados indican que el emplazamiento de algunas de las unidades fué espaciado cercanamente en periodos cor­
tos y que otras unidades están formadas por varios flujos distintos. Los resultados permiten además identificar a una unidad ig­
nimbrítica que no había sido distinguida previamente por los estudios de cartografía geológica y geocronología. Esta unidad está 
por debajo, y presenta polaridad opuesta, a la unidad más antigua reportada en una de las secciones. 

La comparación de la secuencia de polaridades en las dos secciones muestra polaridades diferentes para las unidades por de­
bajo del Miembro Santa María de la formación Río Chico. Este Miembro Santa María es la unidad más antigua que puede ser co­
rrelacionada entre las dos secciones. Estas diferencias en la secuencia de polaridades apoyan inferencias previas de correlaciones 
litológicas e indican que la secuencia pre-Santa María en las dos áreas es producto de diferentes eventos eruptivos. 

PALABRAS CLAVE: Paleomagnetismo, estratigrafía volcánica, ignimbritas, flujos de cenizas, tobas, provincia volcánica de la 
Sierra Madre Occidental, norte de México. 

ABSTRACT 
Paleomagnetic studies were carried out on a Late Oligocene volcanic sequence exposed in the Sierra Madre Occidental, west 

of Durango City, Mexico. Volcanic stratigraphy identified five reversals (six polarity periods) of the Earth's magnetic field as 
well as paleosecular variations recorded in the flows. Characteristic directions of remanent magnetization were obtained at seven­
teen sites. Emplacement of sorne units was very closely spaced in time, and other units may be composites of severa! different 
flows. An ignimbrite not previously recognized in geologic mapping and geochronological studies was identified below the old­
est unit by means of paleomagnetic criteria, as its polarity was opposite to the unit on top. 

Comparisons between the paleomagnetic polarity sequences of two sections, sampled sorne 30 km apart, shows a different 
polarity for the units below the Santa María Member of the Río Chico Formation, oldest unit correlatable in both areas. This sub­
stantiates previous lithologic correlations and suggests that the pre-Santa María sequence in the two areas was produced by dif­
ferent volcanic events. 

KEY WORDS: Paleomagnetism, volcanic stratigraphy, ignimbrites, ash flow tuffs, Sierra Madre Occidental volcanic province, 
northem Mexico. 

l. INTRODUCTION 

Stratigraphic correlations in ash-flow tuff volcanic 
regions are commonly handicapped by a total absence of 
fossiliferous strata. Physical and lithologic criteria such 
as thickness, jointing and cooling tcxtures as well as 
position in the stratigraphic scquence are often used in­
stead. Megascopic and microscopic observations bascd 
on the nature and degree of welding and color, total and 
rclativc proportions of phenocrysts, and proportion of 
crystal, lithic and vitric componcnts may also provide 
supporting evidence. 

Thcse criteria may become rather thin when there are 
continuous outcrops, as similarities in physical appear­
ancc and complexity of structures may obscure the strati­
graphic relationships between different units. Radio­
mctric dating mcthods have bcen succesfully applied for 

age but due to analytical uncer-

23 

taintics, post-cmplacement alterations, etc, these often do 
not providc the required time-resolution in arcas of high 
rates of volcanic activity. It is desirable to obtain a finer 
definition of the stratigraphy within groups of flows with 
similar ages. This objective may be successfully ap­
proached by studying the paleomagnetic properties of 
units (e.g., Irving, 1964; Tarling, 1983; Palmer et al., 
1991). 

The Earth's magnetic ficld has undergone numerous 
reversals in polarity throughout geologic time (e.g., Cox, 
1969; Jacobs, 1984; Harland et al., 1990). It is possíble, 
as a first approximation, to make broad subdivisions of 
strata in groups of normal and reversed polarity (e.g., 
Watkins et al., 1971; Cox and Dalrymple, 1967). Within 
these groups, further definitions of individual units may 
be possible by identifying thc rcmanent magnetization 
directions, which exhibit differenccs duc to secular varia­
tions of the geomagnetic ficld. These variations usually 
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provide enough distinction between flows as to make 
them useful as marker horizons (e.g., Hatherton, 1954; 
Cox, 1971; Best et al., 1973; Mankinen, 1972; Gromme 
et al., 1972; Tarling, 1983; Palmer et al., 1991; Soler­
Arechalde et al., 1991). 

This paper describes a magnetostratigraphic survey 
of a Late Oligocene volcanic sequence exposed to the 
west of Durango City, Durango State, northem Mexico 
(Figure 1). The purpose of the study is to provide a pale­
omagnetic basis for the stratigraphy of the area, to be 
used, along with other geologic inforrnation, for docu­
menting the volcanic evolution of this section of the 
Sierra Madre Occidental. 
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Fig. 1. Schematic map of the Sierra Madre Occidental volcanic 
province showing location of study sections between Durango 

and Mazatlán. 

2. GEOLOGIC SETTING 

More than one third of Mexico is covered by volcanic 
rocks. By far the largest continuous exposure is the Sierra 
Madre Occidental, a major mountain range paralleling the 
Pacific Ocean. Flat-Iying to gently tilted and faulted 
Cenozoic volcanic rocks overlie with angular unconfor­
mity folded Mesozoic strata and low-grade metamorphic 
rocks (Clabaugh, 1972). In spite of the size and complex­
ity of the region, geologic work was minimal until the 
1960's and even then, limited to general reconnaissance 
studíes. The existence of a thíck sequence of míd-Tertiary 
volcanic rocks was mentioned (King, 1939). The first 
attempt to differentiate the volcanic units was by Cordoba 
(1963), who distinguished three units on the basis of 
major lithologic dífferences: ignimbrites, air-fall tuffs and 
rhyolites, grouped into the Río Chico Formation. 
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Detailed studies were later made (e.g., Clabaugh, 
1972; Barrett, 1972; Wahl, 1972, 1973; Waitt, 1970; 
McDowell and Keizer, 1977; McDowell and Clabaugh, 
1979) on a transect along the Durango-Mazatlán high­
way (Figure 1). On the basis of field mapping and K-Ar 
dating the existence of two different Tertiary volcanic 
sequences was documented. The older group, dated 28 to 
31 Ma, occurs in the eastem portion of the transect to­
ward Durango City. It is made up of dominantly rhyolitic 
ash-flow tuffs and ignimbrites with sorne interbedded 
basalts, air-fall tuffs and small rhyolitic flow domes 
throughout the sequence. Basalt flows 9 to 11 Ma old, 
associated with a later period of normal faulting, are 
found capping the sequence southwest of Durango. In the 
western portion of the transect a younger sequence con­
sists of rhyolite flows, basalt flows and poorly to moder­
ately welded ash-flow tuffs, These units yield K-Ar ages 
which cluster around 23.5 Ma. The inter-relationships of 
the two sequences are concealed beneath younger basalts 
(McDowell and Keizer, 1973). 

Within the eastern portion, the studies of Waitt 
(1970) in the Tepalcates-Navios area, and Keizer (1973) 
and Swanson (1973) in the Durango City area (Figure 1), 
helped to establish a volcanic stratigraphy. Waitt divided 
the Río Chico Forrnation (Cordoba, 1963) in the Tepal­
cates Navios area, into about 15 separate units. Keizer 
and Swanson identified, for mapping purposes, 19 mem­
bers in the same Formation in the Durango City section. 
Through detailed field mapping these workers identified 
the regional extent and stratigraphic position of most ig­
nimbritíc sheets. The oldest ígnimbrite definitely corre­
lated by field mapping in both arcas is the Santa María 
Member of the Durango City area, whích is the same as 
the T-3a unit (Figure 2) in the Tepalcates-Navíos area. 
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Fig. 2. Lithologic units correlation diagram for the volcanic 
sequences mapped in the Tepalcates-Navios (Wait, 1970) and 
Durango City (Keizer, 1973; Swanson, 1973) areas (taken from 

Keizer, 1973). 



The relationship of the units below the Santa María 
Member is uncertain and obscured by high-angle fault­
ing, and because the older units in the Tepalcates-Navios 
area are only exposed at the bottom of deep canyons and 
on the upthrown side of faults (Waitt, 1970). In spite of 
faulting, the units in both areas are reported as nearly 
horizontal. Waitt (1970) reports a regional dip of only 2 
degrees to the west for the Tepalcates-Navios area. In the 
Durango area, the units are flat-lying where sampled. 

3. SAMPLING AND METHODOLOGY 

Ten to fifteen cores, 2.54 cm in diameter and about 8 
cm long, were drilled at each of seventeen sites with a 
portable gasoline-powered dríll (Helsley, 1967). They 
were oriented while still attached to the outcrop. Most of 
the sites were located in two stratigraphic sections. The 
lower unit of the Durango sectíon was sampled at Guada­
lupe Victoria water reservoir, about 13 km southwest of 
Durango Cíty. Younger units were sampled about 9 km 
south of Durango City on the road to the town of La Fe­
rrería, at 104.6 E, 23.9 N. The other section was located 
at km 51 of the Durango-Mazatlán highway in the Tepal­
cates-Navios areas, at 105.l E, 23.9 N. Whenever possi­
ble, samplíng was done vertícally throughout the sections 
and also horizontally spaced. 

In the laboratory, the cores were sliced in to 2.54 cm 
long cylinders and the natural remanent magnetization 
(NRM) of the bottom specimens was measured on a 
Princeton Applicd Research (PAR) spinner magnetome­
ter. Based on field observations and lithologic variations, 
at least one specimen from each flow was selected for a 
pilot set, on which detailed step-wise progressive alter­
nating field (AF) demagnetization was performed at up 
to 140 milliTesla (mT). The AF demagnetization tests 
were performed using 420-cycle equipment described by 
Helsley (1969). During the tests all samples were tum­
bled about three axes in a region of low direct field, 
generally less than 200 nanoTesla (nT). 

Thermal demagnetization studies were made on a few 
specimens in increasing temperature steps up to 650ºC. 
Heating was performed in a non-inductively wound eigh­
teen-sample capacity fumace, and cooling was accompli­
shed in a region in which the residual field was less than 
10 nT. All demagnetization experiments were performed 
in a mu-metal shielded room in a maximum field of 
about 200 mT, in order to minimize viscous magnetiza­
tion effects during the demagnetization and measurement 
procedures. 

In order to define the demagnetization stage at which 
unwanted secondary magnetization was removed, vector 
rotation criteria were used (Zijderveld, 1967). The results 
of the progressive demagnetization steps for each speci­
men of the pilot set were plotted on orthogonal vector 
demagnetization diagrams (Figure 3). The sample was 
assumed to be within the range of stable magnetization 
when no further rotation of the directional vector oc­
curred, the only change being a decrease in intensity to­
ward the origin. It is implied that at this point the low 
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stability components have been removed and that the 
characteristic magnetization has been isolated. Within 
this range of stability, a set of four AF demagnetization 
steps was selected and applied to the remaining the spec­
imens from the same unit. From Figure 3 it can be seen 
that once stability of direction was reached, the varia­
tions in declination and inclination were usually less than 
one degree in the following demagnetization steps. These 
stable results were averaged to obtain the characteristic 
direction of each specimen. 
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Fig. 3. Vector demagnetization diagrams for three samples that 
illustrate the range of directional stability with AF demagneti­
zation measured in this study. Open symbols indicate the hori­
zontal component and salid symbols indicate the vertical com­
ponent. The initial step is marked by the letters NRM, for each 

example. 

4. PALEOMAGNETIC RESULTS 

The magnetic behavior varied from site to site. For 
sorne units the NRM directions initially exhibited a large 
scatter, which greatly diminished upon AF demagnetiza­
tion (Figure 4). For sorne other units the directions re­
mained tightly grouped and little change occurred upon 
demagnetization. Most of the units attained a srable di­
rection upon AF demagnetization at 17.5 mT. Sorne 
samples did not respond to AF or thermal demagnetiza­
tion; their directions remained widely separated (> 20º) 
from the mean direction of the unit, indicating that sorne 
unwanted secondary magnetization was still present or 
was produced during the field or laboratory work. These 
samples were deleted for the final statistical analysis of 
the data (Table 1). 

The coercivity spectrum also varied from site to site 
and even within one site. Normalized demagnetization 
curves show different behavior with increasing AF de-
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Table 1 

Summary of paleomagnetic data for the Late Oligocene Durango volcanics, Mexico 

A. Mean direction of NRM for each unit, after demagnetization 

D I N R K °'95 Plong Plat dp dm 

1) Madroño b. 5.1 24.1 6 5.99 1466.9 1.76 50.6 77.7 1.0 1.9 
2) Mimbres (T-6) 157.6 -18.0 10 9.91 147.4 4.99 134.2 64.1 2.1 4.1 
3) Cantera (T-4) 356.3 48.4 13 12.99 1688.9 1.01 224.5 83.6 0.9 1.3 
4) T-2 307.7 41.5 6 5.98 246.9 4.27 176.1 42.5 3.2 5.2 
5) T-1 312.5 37.6 8 7,99 800.3 1.96 171.0 46.2 1.4 2.3 
6) T-0 316.9 39.7 10 9.98 492.3 2.18 171.9 50.5 1.6 2.6 
7) T-00 154.2 1.3 8 7.98 634.8 2.20 124.1 54.9 1.1 2.2 
8) Mimbres (T-6) 153.5 -15.0 9 8.98 415.5 2.53 136.6 59.9 1.3 2.6 
9) Soldado 140.7 -25.4 9 8.99 813.2 1.81 156.3 51.4 1.0 1.9 

10) Mimbres (T-6) 148.7 -8.2 8 7.99 899.5 1.85 136.5 53.9 0.9 1.9 
11) Cantera (T-4) 353.2 44.7 9 8.99 1240.9 1.46 172.2 83.4 1.2 1.8 
12) Caravito 186.1 -48.2 5 4.99 908.2 2.54 299.4 82.4 2.2 3.3 
13) UnitP 156.3 -54.4 12 11.95 247.5 2.76 199.1 66.7 2.7 3.9 
14) Santa María 163.3 -13.8 5 4.99 751.8 2.79 121.6 66.7 1.5 2.8 
15)UnitN 180.2 -50.1 15 14.97 564.5 1.61 256.7 83.0 1.4 2.1 
16) Tunel 176.1 -37.5 7 6.99 691.8 2.30 127.1 85.4 1.6 2.7 
17) Santuario 184.4 -49.5 10 9.97 414.2 2.38 285.8 82.5 2.1 3.1 

B. All units combined except the Madroño basalt 

D I N R K CX<¡5 Plong Plat dp dm 

337.5 34.48 16 14.86 13.2 10.56 155.9 68.5 6.9 12.1 

In part A.: Number close to the name of the unit identifies its VGP on Fig. 5 a; D= mean declination eastward; l=mean inclination (posi­
tive downward); N=number of specimens; R= vector resultant length of N unit vectors; K= precision parameter (Fisher, 1953); a 95= semi­
angle of cone of 95 percent confidence of mean; Plong. Plat = longitude east and latitude north of VGP's (al! calculated for the upper 
hemisphere); dp and dm= angular length of semi-axes of 95 percent oval of confidence. In Part B.: N= in part Bis the number ofunit. 

magnetization (Figure 5a). Sorne samples exhibited a 
stable magnetization with little decrease in intensity in 
fields up to 140 mT. These high cocrcivities, and the bc­
havior of sorne samples with increasing thermal demag­
netization steps (Figure Sb), suggcst that magnetic carri­
ers are, in sorne cases, hematite. The remanent magneti­
zation directions of ali sampled units (Figure 6; Table l) 
are discussed separately for the two areas. 

4.1. Tepalcates-Navios Section 

Most of the samples from this area were taken from 
Waitt's (1970) TN-1 section near km 51 on the highway 
between Durango and Mazatlán, in ordcr to ensure better 
stratigraphic control. Waitt used a lctter and number sys­
tem for naming the different units. Sampling started at 
the bottom of the canyon on Waitt's oldest unit, T-0, and 
continued upwards to unit T-4. Upon measuring the 
NRM and after AF demagnetization, it was found that 
T-0 is underlain by another unit. This unit had reversed 
polarity, while T-0 polarity was normal. This was not 
unexpected since, as Waitt (1970, p.47) states, T-0 and 
T-1 are the oldest ignimbrites mapped yet do not repre­
scnt the basal members of the ignimbrite sequence. The 
reversed unit may be another ignimbrite from a different 
unit,'or it may be the lower portion of T-0 which may be 
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a composite unit. The magnetic data may indicate two 
cooling units when the petrographic criteria only indi­
cates one unit. In any case, there are two different ign­
imbritic bodies emplaced at different times. Noble et al. 
(1968) found the Thirsty Canyon Tuff, in southem Neva­
da, to consist of two different ash flow sheets of opposite 
polarity. 

Units T-0 and T-2 havc normal polarity (Figure 6, 
Table l). As their directions of magnetization do not dif­
fer significantly (McFadden and Lowes, 1981), these 
three units may have been emplaced in rapid succession 
so that little time elapsed between each successive de­
posit. This pattern is believed to be real and not the prod­
uct of structural uncertainties due to widely separated 
sampling localities, since the units were sampled in the 
same section where they overlie each other. A larger 
interval must have elapsed between the emplacement of 
the newly identified ignimbrite (here informally called 
T-00) and the unit above, T-0, because of the different 
polarities and the time it takes for the field to reverse di­
rection (e.g., Opdyke et al., 1973; McElhinny, 1973; 
Tarling, 1983; Jacobs, 1984). 

Sorne samples from the upper part of unit T-2 
showed a very small change in direction and intensity 
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Fig. 4. Equal area plot showing the typical behaviour of three 
samples from one of the units (T-4) with AF demagnetization. 
The initial direction is indicated by NRM and the following di­
rections after AF demagnetization are connected by broken 
curves and the arrows. Note the initial scatter in NRM direc­
tions and thc clustering of directions after (17 .5 mT and subse-

quent steps) demagnetization. 

after AF demagnetization at 140 mT. These samples 
were then thermally demagnetized in steps of250º, 350º, 
450°, 500°, 550°, 600° and 650ºC and the results com­
pared with samples from the more indurated vitric phase 
that attained stability at 17.5 mT AF demagnetization. 
The intensity and direction of the thermally demagne­
tized samples undcrwent no change after heating to 
600ºC, but a drastic drop in intensity occurred at 650ºC. 
(Figure 5b). The directions are very similar to thosc of 
the AF dcmagnetized samples and the behavior upon 
thermal demagnetization seems to indicate that hematite 
with a narrow blocking temperature range may be the 
carrier of the rcmanent magnetization in these samples. 
This ilmeno-hematite appears to be the product of deu­
tcric altcration, sincc no significant difference in direc­
tion (McFadden and Lowes, 1981) is noticed between 
these sample directions and the magnetite-bearing sam­
ples from the same unit. Thus thcre is essentially no dif­
ferencc in the time of acquisition of magnetization be­
tween the two oxidation phases of the same unit. 

Thc ncxt unit upwards, T-3, which Waitt subdivides 
into two membcrs, yiclded inconsistent results. Upon AF 
dcmagnctization at 35 mT, the directions of magnetiza­
tion showed no rotation but a continuous decrease in in­
tensity; however, the dircctions were scattered over 20 
degrees. Further demagnetization up to 140 mT barely 
rcduccd the dispersion of dircctions, and no significance 
can be attachcd to the mean rcsults. Abnormally high in­
t..:nsitics wcrc associatcd with thc NRM of thcsc samplcs. 
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Fig. 5. Examples of normalized intensity diagrams as a function 
of AF field or temperature far sorne selected samples. (a) AF 
demagnetization (in mT). (b) Thermal demagnetization (in C). 

Lightning may be responsible, in part, for this behavior, 
though the samples were taken several meters apart to 
minimize this possibility (Graham, 1961; Cox, 1961). 
Another explanation may be that the deformation asso­
ciated with the development of spherulites formed by in­
situ devitrification (Waitt, 1970) has in sorne way altered 
the magnetization. Similar scatter of directions was re­
ported by Gose (1970) from the Swett ignimbrite in 
Nevada. T-3 is thc oldest unit in the Tepalcatcs-Navios 
area that is correlatable, by ficld mapping, with thc ign­
imbrites of the Durango arca (Kcizcr, 1973). 

T-4, a vitric tuff with a purple weldcd phase that 
forms a vcry promincnt cliff, has a normal polarity (Fi­
gure 6). Its direction of magnetization is separate from 
the others (McFadden and Lowes, 1981), which makes it 
easily distinguishable. This unit is correlatcd (Keizer, 
1973) with the Cantera Member of the Durango arca. 
where it is known to consist of two to fivc ignimbrites. 
Eight kilometers west of this section, in the ncighbor-
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Fig. 6. Equal area plot of characteristic mean directions for the 
units studied in the Tepalcates-Navios and Durango City vol­
canic sequences. Solid symbols correspond to positive (down­
ward) inclination and open symbols correspond to negative (up­
ward) inclination. Por explanation of the abreviations for the 

units consult Fig. 2. 

hood of the town of Navios, severa! samples were taken 
ata site which is also supposed to be T-4. The directions 
of magnetization were very similar to those of T-4 (Can­
tera) in Waitt's TN-1 section, and it is believed to repre­
sent another ignimbrite of the Cantera (T-4) Member. 

Sorne samples were taken from the pink vitric, cliff­
forming ignimbrite exposcd on the north side of the 
highway, at km 51, on the hill side oppositc Waitt's TN-1 
section. He named this unit T-6 and its polarity was 
found to be reversed. Two more sites were sampled be­
tween this locality and Rio Mimbres about 4 km east, 
toward Durango City; in both sites the polarity was also 
found to be reversed (Table 1). It seems that this unit, 
which is correlated with the Mimbres Member at the 
Durango area (Keizer, 1973) is composed of severa! ign­
imbrites, as shown by the three close but different rema­
nent magnetization directions (Figure 6). 

At km 46 on the highway, severa! samples from the 
Soldado Member were obtaincd. This member is report­
ed by Keizer (1973) as being formed by two ignimbrites, 
but in sorne places the upper ignimbrite has been eroded 
away. Keizer (1973) correlates the Soldado Member with 
Waitt's (1970) uni.ts T-8 through T-14. The paleomag­
netic results obtained from this member yield a reversed 
remanent magnetization direction. Further west, at Mesa 
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del Madroño, the Madroño basalt which is 9 Ma old 
(McDowell and Keizer, 1977) exhibits normal polarity 
(Figure 6, Table 1). 

4.2. Durango City Section 

Six units were sampled in the vicinity of Durango 
City. They are (from older to younger) Santuario, Tunal, 
Unit N, Santa María (correlative with T-3a), Unit P, and 
Garavito (correlative with T-3b). Ali have reversed po­
larity. The change of secular variation imprinted in these 
flows shows an erratic pattem for consecutive units when 
compared with that of the Tepalcates-Navios area. Dis­
tinctive directions are shown by the Santa María, Tunal, 
and P Members which are clearly different from each 
other as well as from the rest of units. A different situa­
tion is observed for Member N and for the Santuario and 
Garavito Members. Their remanent magnetization direc­
tions are so similar that almost no distinction can be 
made between them, particulary between the Santuario 
and Garavito Members. These units, as observed in the 
field and explained above, were not emplaced one after 
another; rather, Santuario and Garavito are the oldest and 
youngest, respectively, of the six units sampled in this 
section. Between them and Member N other ignimbrites 
were emplaced with markedly different magnetic direc­
tions so that the argument for rapid succesive emplace­
ment cannot be applied here. 

5. DISCUSSION AND CONCLUSIONS 

The paleomagnetic studies of the Durango ignimbrit­
ic sequences provide further insight into the volcanic his­
tory of the region (McDowell and Keizer, 1977). At least 
five reversals (six polarity periods) can be identified in a 
composite magnetostratigraphic section of the two areas 
of Tepalcates-Navios and Durango City (Figure 7). The 
units at the Tepalcates-Navios and Durango City areas 
are not correlatable and belong to a different volcanic 
event. This is supported by the observation that the polar­
ities are opposite for the next older units at both localities 
and the directions of remanent magnetization are differ­
ent due to sampling of different portions of the paleosec­
ular variation curve. Thus any correlation is ruled out. 

An ignimbrite not previously reported was identified 
by means of paleomagnetic criteria below the oldest re­
ported unit (T-0) in the Tepalcates-Navios area. It is in­
formally named T-00, following the system of Waitt 
(1970). The lithology of T-00 is very similar to the Ga­
ravito (T-3b) Member. Swanson (written communica­
tion), who kindly studied the thin-sections of the new 
unit, suggests that the samples may come from a down­
faulted block of this member. This is not supported by 
the paleomagnetic results. The sampling was initiated at 
the base of Waitt's TN-1 section where no fault was ap­
parent, although sorne faults are known to exist nearby. 
A tilt of about 55 degrees would be required to bring the 
remanent magnetization direction of the Garavito Mem­
ber into agreement with T-00 (Figure 6). No tilting of 
this magnitude has been documented in the area. Thus 
T-00 is believed to be a separare cooling unit. The po 
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Fig. 7. Summary of magnetostratigraphic results for the Durango volcanic sequence. The composite polarity sequence is based on the 
lithologic correlation diagram of Keizer (1973) and the paleomagnetic results. The magnetic polarity is indicated by the shading: normal 
polarity is black, reverse polarity is white. The diagonal pattem indicates that no paleomagnetic result is available. The proposed correla­
tion between the sequences of Tepalcatcs-Navios and Durango City areas is indicatcd by the discontinuous and continuous lines (uncer­
taincy is emphasized by the question marks). Below the Santa María (T-3a) member the relative position of units is undetermined. Dotted 

lines refer the composite polarity column (right) with the lithologic columns. 

larity and characteristic directions of magnetization ob­
tained for the several units and groups of units (Figure 7), 
providc a pattern against which paleomagnetic measure­
ments can be compared in futurc studies of thc volcanic 
units in the Sierra Madre Occidental volcanic province. 
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