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The LaTe OLigOcene cienegUiLLa BaSaniTeS,
 SanTa Fe cOUnTy: RecORDS OF eaRLy 

RiO gRanDe RiFT magmaTiSm

JenniFeR LinDLine, MichaeL PeTROniS, RacheLL PiTRUcha, and SaLVaDOR Sena
environmental geology Program, new Mexico highlands University, P.O. Box 9000, Las Vegas, nM 87701, lindlinej@nmhu.edu

Abstract—We conducted petrogenetic studies of 25-26 Ma Cieneguilla basanites of the Cieneguilla volcanic field in the 
southern Española Basin to improve our understanding of early Rio Grande rift magmatism. We sampled 3-4 lava flows at two 
different locations north of La cienega:  an unnamed knoll (LcB1) and cerro Seguro (LcB2). all sampled cieneguilla basani-
tes are olivine porphyritic, magnetic, slightly vesicular, and relatively unweathered. They contain mildly to moderately altered 
olivine phenocrysts in a very fine-grained framework of intergranular clinopyroxene-magnetite and interstitial nepheline. The 
estimated titanium content of the Fe-Ti oxide phase ranges from 0.106-0.210 at LcB1 and from 0.019-0.115 at LcB2. The 
cieneguilla basanites are mildly alkaline and fall within the sodic series of the alkali olivine basalt scheme. They have low 
silica values (42.40-44.10 wt %) and high MgO values (11.50-13.50 wt %) and are some of the most primitive eruptive products 
in the central Rio grande rift. The rocks display a narrow range of caO (10.68-11.45 wt %), FeO+Fe2O3 (12.37-13.25 wt %), 
K2O (0.61-1.05 wt %) and TiO2 (2.16-2.37 wt %). compatible trace elements, like Sr (758-1031 ppm), cr (457-553 ppm), ni 
(263-288 ppm), and Co (61.1-67.6 ppm) show a wider range of concentrations. The major and trace element values are suffi-
ciently distinct between LcB1 and LcB2 to suggest that they are separate batches of magma, yet similar trace element patterns 
suggest that they share a similar source. The basanites are enriched in LRee relative to hRee ((La/Yb)n=18-26). They have 
(La/nb)n values between 1.2-1.5 and moderately high nb/Ba and Ta/Ba ratios consistent with an origin from an ocean island 
basalt-modified lithosphere source region. These data suggest that the Cieneguilla basanites have both asthenospheric and 
lithospheric mantle components and that the Rio grande rift contained mixed mantle source regions during its early history.

INTRODUCTION

La cienega, a historic village 30 km southwest of Santa Fe, 
NM, hosts the Cienega volcanic field (Fig. 1) which comprises 
several lava flows and monogenetic cones, including Cerro 
Seguro (Figs. 1-3). The volcanic rocks include basanite, neph-
elinite, and basalt that overlie or intrude the Tertiary espinosa 
Formation (Koning and Read, 2010). They are major localities 
for the cieneguilla Limburgite Formation (Stearns, 1953 a, b; 
Sun and Baldwin, 1958), which was redefined as the Cieneguilla 
basanite by Koning and hallett (2000), Sawyer et al. (2002) and 
Koning and Read (2010). The cieneguilla basanite is one of 
the lowermost volcanic units in the La cienega area. near La 
cienega, the cieneguilla basanite yielded a K-ar age determina-
tion of 25.1±0.7 Ma (Baldridge et al., 1980) and a 40ar/39ar age 
determination of 26.08±0.62 Ma (Peters, 2000; Koning and hal-
lett, 2000). These values are similar to a K-ar date of 25.1±0.6 
Ma (Kautz et al., 1981) and a 40ar/39ar date of 25.41±0.32 Ma 
(connell et al., 2002) obtained from an olivine tholeiite at espi-
naso Ridge west of cerrillos. The cieneguilla basanites are sig-
nificant as these flows erupted before the main episode of Rio 
grande rifting (10 to 16 Ma) in northern new Mexico (Keller 
and cather, 1994).

We conducted a petrologic study of the cieneguilla basanite 
to improve our understanding of early Rio grande rift magmatic 
processes. We chose the cieneguilla basanites because these low 
volume lava flows have the potential to yield information about 
mantle source region(s) without the problems of open-system 
magmatism and/or crustal contamination that have been observed 
in large-scale volcanism in northern new Mexico (Singer and 
Kudo, 1986; Duncker et al., 1991; Wolff et al., 2000; Wolff et al., 

2005). Previous workers (Stearns 1953 a, b; Sun and Baldwin, 
1958) studied the cieneguilla basanites in the context of broader 
studies of volcanic rocks of the cienega area. They reported 
petrographic features and major element analysis noting the low 
silica content of the flows. This is the first report of trace and rare 
earth element geochemistry of the cieneguilla basanites and the 
first petrogenetic study of these flows. 

GEOLOGY

Setting

The Rio grande rift is a late cenozoic continental rift extending 
south from at least Leadville, colorado to chihuahua, Mexico. it 
represents the easternmost expression of widespread continental 
extension in the western United States during the past 30 mil-
lion years. The Rio grande rift is characterized by normal fault-
ing, basin formation, and predominantly mafic volcanism. The 
northern part of the rift is relatively narrow, consisting of an array 
of north-trending westward-stepping, en echelon basins, includ-
ing the española Basin, separated by northeast-trending oblique 
accommodation zones (Rosendahl, 1987; chapin, 1988) (Fig. 1). 
The Cienega volcanic field lies at the southern periphery of the 
intersection of the Rio grande rift and the Jemez Lineament, an 
800-km-long alignment of late Cenozoic volcanic fields (Aldrich 
1986). The lineament is considered to be related to a complex 
suture zone between the Mesoproterozoic Southern Yavapai and 
the Mazatzal lithospheric provinces (Magnani et al., 2004). 

The cieneguilla basanite volcanoes are located west of the 
southern Sangre de cristo Mountains on an elevated structural 
plateau in the southern española Basin (Fig. 2) that exposes pre-
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FigURe 1.  index map of the Rio grande rift in northern new Mexico showing principal faults, volcanic features, and basins. cF–cocida fault, 
LBF–La Bajada fault, PF–Pajarito fault, SAF–Santa Ana fault, SFF–San Francisco fault, BB– Bearhead basin, CdRvf–Cerros del Rio volcanic field, 
SFvf–San Felipe volcanic field, and Cvf–Cienega volcanic field. Figure modified from Smith et al. (2001).


