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ABSTRACT 
T h s  1s a report 01 a thee-month geological reconnaissance of a 450-square-m~e area 

m B a p  Ca11folnla, Mexico. The area, on  the  Gulf of Callfornla  somewhat more  than 
halfway so& along  the  length of the penlnsula, includes rugged, vel7 and, and 
sparsely  popL1lated land  boldellng Concepclon Bay Mulegi (populauon 1,000) IS the 
only town ~n the  area 

The  locks of the  area Include a basement "granite," exposed 011 Concepclon Peninsula 
east of the Bay, about 13,500 feet of Oligocene and Mlocene volcanlcs of the  Comondd 
Formation  covering almost  the entne region, and  late( p )  Pliocene mads and coqu~nas 
of the  Infierno( ?) Formation whlch veneer the volcanlcs  Iocally The granlte (K-A 
date of 78.4 * 2 9 y , Late Cretaceous) 1s thought to be  mostly recrystallized schlst 
because the contacts of schist pendants  wlth  the “granite” ale gradational 

The ~ e p o t t  presents a geologic map, three potasslum-argon dates on Igneous and 
tuffaceous rocks of the alea, and a study of the ComondG Formatlon, whlch 1s here 
made the Comondd Group. The six folmatrolls of the ConIondfi Gloup are, in ascend- 
mg older. (1) the Salto  Folmatlon,  up to 1,000 feet of reddlsh, cross-bedded sandstone, 
wlth interbedded varlcololed tufls, (2) the Pelones Folmatlon, about 6,000 feet of 
andentlc  agglolnelatcs  wlth  Interbedded basalt flows; (3) the Mmtas  Folmatlon, about 
500 feet of coalse,  tuffaceous conglomelate, (4) the P h e s  Formatlon, about 200 feet 
01 dalk  glay,  scomxeous basalt, (5) the  Hornillas  Formatlon, about 500 feet of coarse, 
tuffaceous conglomerate;  and (6) the Rlcas6n Formatlon, about 5,500 feet of dark gray, 
blown-weathelug basalt flows, flow breccm, agglomerates, and light-colored tuffs 
A potasslum-algon  date on a tuIl  in  the  upper  part of the Salto Folmatlon mdlcated 
an age of 28 1 rt 0.9 m.y. (late  Oligocene), Previously these beds were thought to be 
about 16 lnllllon years old (middle to late Miocene). 

The  granltlc  basement  and  the ComondG G ~ o u p  have been intruded by several small 
stocks o i  gabbro,  numerous related dlollte  polphyry dlkes, and by a 2 5-rn11e-wde 
granitic (tonol~te) stock The lattel,  dated as 20.0 rt 2 0 m y., undehes  the highest and 
most rugged  part of Concepclon Peninsula. 

The Concepcion Bay alea has been conslderably faulted, gently folded, repeatedly 
upldted, and deeply dissected by elosron. The uplifts ale recorded at least locally by 
nlarlne telraces  which  range  irom 20 to 920 feet In elevation Just southwest of Con- 
cepcmn Bay,  well-developed  eloslon surfaces (accordant mesas), that could be marme 
telraces, range up to about 3,000 fect above sea level The estualy at Mule& apparently 
folmed  along  two easily eroded dlkes. 

The  name ‘‘ConCePclon  Bay fault  zone” is applied to the  northwcst-trendlng fault 
zone that dellncates the  Gulf coast of BaJa California to the nolthwest of the mapped 
area, passes thlough Concepclon Bay and  the allgned valleys 30 miles southeastward 
to Loreto, and delineates the coast to the southeast of Loreto. The displacement along 
this fault zone is I,II&~WII, but conceIv‘1bly the Mulegi faulted a n t d m  was orlglllally 
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part of the southwestern flank of the much  larger  faulted antlcllne that occupies  most 
of Concepcion Penmula.  The 19-mile separation of these  structures today could be 
explamed by a rlght  lateral offset along  the Concepclon Bay fault zone. This 1s the 
same type of movement that  chalacterlzes the greater San Andreas  fault system,  of 
which  the Concepclon Bay fault  zone 1s thought to be a part.  The largest dlsplacements 
along  faults of the San Andreas system in this area are probably in  the Gulf of 
California. 

The only known ore depos~t In the area-manganese associated with ti avertine veins 
near the  north tip of Concepclon Peninsula-has not been operated since World 
War I1 

INTRODUCTION 
LOCATION AND TOPOGRAPHY 

Concepclon Bay is lust south of latitude 27" N., a little more than halfway down the 
Gulf  coast of Bap  Callforma, Mexico (see Flgure 1 and  Plate 1). This bay 1s 23 miles 
long, 2 to 3 mdes wide, and parallels the  Gulf of California,  wlth whlch it 1s con- 
nected at the north. 

The nolthwest shore of the bay is bordered by alluvlal  fans backed by hdly country 
wlth  about 700 to 1,000 feet of relief. Farther south, the  west shore rises abruptly from 
the bay in steep hillsldes to 1,500 feet, and focally to 2,400 feet, elevauon. Inland 
from  the southwest corner of the bay thele are accordant, mesa-like summits at about 
3,000 feet. 
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The  mean  monthly maximum for  the  summer  months of June  through September 
1s 90'-95" F. T h e   w m e l  months have mean  mlnlrnunls of 44" F. (Aschmann, 1959, 
Flgule 2) Frosls  are  llmlted  to d a n d  aleas. Average rainfall 1s about four Inches per 
year (Aschmann, 1959).  However, In April 1964, Concepclon Peninsula had not re- 
ceived rain In over two years The  lam 1s commonly torrentla1 and 1s associated with 
clzubdscos, the t r o p d  cyclones that move up  the Pacific coast of Mexico during August 
and  September. During  the severe chubhco of September 9,  1959, the normally dusty 
arroyos carrled as much as 60 feet of water 111 raglng  torrents Muleg( and most other 
towns of the reglon  were devastated, and boulders as much as 12 feet In &meter 
disappeared from  thelr accustomed places 111 the arroyos. 

VEGETATION 
Various  lrmds of cactus and  thorny bushes pledominate  in  this desert country. The 

plant  covelage 1s 30 to 40 percent on  the sandy baladas, but open to extremely sparse 
on the tocky slopes  (Shleve, 1951, p 100). 

The only  change 111 vegetatlon  collelated  wlth a change In bedrock was a difference 
In the spaclng  and reldtrve abundance of the spalse  plants whlch glow on both the 
volcanlcs and the  granltlc basement complex. The shaggy-balked tree Bztrsera mrmo- 
phylla 1s unusually  abundant on the  granltlc rock. The plants growrng on the granltlc 
basement complex are  more evenly spaced than those growing on the voicanrcs. Thls 
even spacrng is due to  he homogenelty of: the  glanltlc rock and Its sandy sod m con- 
trast to the valylng  stlata of the volcanlcs and thelr very  sparse, sllghtly clayey sod. 

However,  there 1s consldelable  vallatlon 111 the  lmds of plants whlch grow m the 
malor envllonments  found  in  the area of this study. (1) the bajada slopes, (2) the 
locky slopes, (3) the floors of arroyos, and (4) local aleas of saltwater encroachment 
along the shore. 

Bal& szopes Shreve (1951, p. 100) has listed the  followlng as being plants whlch 
grow on  the sandy 01 glavelly Lqadas away from streamways near Muleg&. 

Bursera l~znrlncrna 
But sera mtcrophylla 
Cercadszm m c l  opllylltwa (palo verde, 

a legume;  burros can live on Its 
branches) 

Colubrtna glctbr a 
Condalaa globosn 
Encelza Jarznosa 
Fozcqznma sp. (ocoulla-hlte  plant) 
Jatr oplza canerea 
Jatt opha ntnenta 
Larren tndentata (cleosote  bush) 
Lyc t tm  brevzpes 

Mnchm ocel eus gummosw (pitahya 

OEneya testoa (Ironwood or uiia de 

Opuntta cholla (cholla cactus) 
Opzintta ctnbe (another cholla cactus) 
Opuntza anvzcfa 
Pachycer errs prznglei (cald6n) 
Pedilanthzrs  macrocurpus 
Szmnzondsaa chtnenns 
Solanum hzndsianuln 
Trzxls calzfornaca 

agna) 

gato) 
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Lyczzm andersonri 

Rocty slopes. Shleve (1951) contlnucs: 



bank n o ~ t h  of Punta  Blanca along  the  easteln shore of Concepclon Bay. 
, -  . 
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PREvrous W O R K  these granitic 

The most important previous  geological work was dolx by Cad H. Bed, who, 
during hls 1921 pack tram reconnassance o l  Baja Callfolnla, mapped the geology 
and outlined the stratigraphy of the entire peninsula He  publuhed his report  and 
geologic map In  1948 However, in the area of the present leport, Beal had time  for 
only a genera1 look whle passing along the west shore of Concepclon Bay, as W11. 
Lam Gabb had done in 1867 (published by Browne In  1869). 

James A Noble studled the Gab& manganese mine during Wo~ld  War I1 and 
in 1950 published a report and sketch maps of the  northem  tip of Concepclon  Penin- 
sula. Previous notes  on this mineral deposit had been written  by Edward Halse In 
1892, H V Wallace in 1911 and 1916, and by C  A  McQuesten 111 1916. 

PRESENT WORK 
The field work  for the present study was done between January 20 and  April 16, 

1964 A base camp was established at Rancho Salto on Concepclon Peninsula,  and 
arrangements were made to receive supplies and mall by sailboat. A n  International 
Travelall with four-wheel drive was provided by the Belvedere Scientific Fund.  Work 
away from  the roads was on foot and was supported by a three-burro  pack  tlain. 
Elevahons mere obtained by using a pocket barometel 111 the field wlth readings 
ad~usted to sea-level readngs  and to a reference barometer monitored at a ranch house 
at Coyote Bay Ax photographs obtamed from  the Mexican Army  thlough  the Instl- 
tuto  de Geologia aided immeasurably in  the field work. 

STRATIGRAPHY 
GENERAL STATEMENT 

The basement complex in  the area  conslsts of Cretaceous granodlollte  and  quattz 
monzonite with small inclusions and  pendants of older schists. Unconformably 
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BASEMENT COMPLEX 

A peneplaned  granltlc  batholith  undelhes  the area but 1s exposed only in the south- 
central and  west-central pal ts of Concepclon Penmsula Thin-section studles showed 
these granitlc rocks to  lange  from granodlollte to quartz monzonite. The mmor 
mlnerals are  spalse  and conslst of biotite, hornblende, magnetite, and rare titamte. 
Biotite extracted from  thls basement granltlc lock was dated by the potassmm-argon 
method as 78 4 1 2.8 m y. ( k c  Cretaceous), The batholith 1s cut by a few apl~te dikes 
and numerous  pegrnatlte dlkes; the latter locally show a graphic texture. Epidote 
1s In  places a late, flacture-lilhng additive, especially  assoclated with the pegmatites. 

Dark gray, blotrte-rich schlst and  mlnor outcrops of dlorlte are present In the batho- 
lithic rocks as lncluslons  and small pendants. Some of the “granlte”-schlst  contacts 
are  sharp, but locally, the schist glades into the “granite” through a 10- to 20-foot 
alternately hght-  and dallr-banded schlstose zone. There IS an obvlous correlatlon 
between the  follations of the schlst and dlrectlonal features 111 the granltlc rock  such as 
the  orlentatlon of crystals in gnelsslc streaks and the orlentation of schistose in- 
cluslons and stringers. 

The granitic  rock 1s deeply decomposed. Its outcrops are hilly lowlands, and  where 
capped by more resistant Comondd beds, the granitlc rocks form steep, fast-erodmg 
slopes. 

COMONDG GROUP 
Salto Fotnzatzon. Solnewhat over 1,000 feet of red, cross-bedded,  tuAaceous sand- 

stone wlth  mterbedded light-colo1ed tufh unconformably overlie the basement com- 
plex It IS here  ploposed  to call these beds the Salto Formatlon and to designate as type 
sectlon Its exposures  along the  mountam  front lust  north of the mouth of Arroyo 
Amolares, approximately 2 miles north of Rancho Salto In the west-central part of 
Concepclon Peninsula The contact of thls formatlon wlth the overlying Pelones For- 
mation 1s arbitrarily designated as the base of the lowest significant bed of agglomerate. 

In general, the contact  with  the  underlylng basement  complex 1s even and  the basal 
beds of the Salt0  Folmatron are only sllghtly conglomeratlc, wlth scattered subangular, 
fresh  granltic pebbles and a few fragments of schlst, both reworked from  the base- 
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s&. The type Section 1s along an east-west line  to  the GUE coast across the  top of 
&e hill p t  north of the Site of the abandoned mill at the Gabdin  mine. 'I'hIs folmatlon 
hosted the important manganese veins at the Gabll6n mine. 

T h n  sectlon stuches  of  Pllares lavas showed 65 to 75 percent plagioclase (An66-G3), 
15 to 20 percent augite, and 10 to 15 percent magnetite ( ?)+ 

HornzlZas Formatton. Conformably overlying the Pelones l k m a t i o n  In the  southem 
part of Concepclon Peninsula and occurrlng In isolated fault b k k s  along  the  western 
mountain  front of this Peninsula are 400 to 500 feet of coarse, tufhceous  conglomerate, 
here named the Hornlllas Formatlon. The type  locality 1s the  almost vertical, 300-ioot 
cllffs formed by this conglomerate on the left bank of Alloy0 San Sebastlbn, about 2 
mlles southwest of its mouth In the south-central part of Concepcion  Penlnsula. 

The conglomerate generally forms moderate slopes. Its clasts ale all of volcanx  origin, 
are well rounded  to shghtly angular, and range in size ftom pebbles to 3-foot bouldels. 
At  the type locallty the matrix 1s pale brownish gray sandstone, very tuffaceous  toward 
the base, and  the clasts are of dark gray, reddlsh gray, or light  brown veslcular and/or 
amygdaioldal basalts or basalt porphyues except for a few of light-colored  tufls. Of 22 
pebbles taken at random from a small,  typical exposure of thls  collglonlerate  near AI- 
rovo Cardonato, were  gray, reddish gray, 01 light blow11 basalt polphylles, six 
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POST-COMONDG FORMATIONS 
Ilrfiet no(?) For matzon Intelbedded  whlte to hght yellowlsh-gray  coquinas, and 

marly, slightly fosslllferous sandstone of late (?)  Pliocene age veneer three extensive 
and  numerous small  marine terlaces around  the periphery of Concepclon  Penins&. 
The three extensive terraces are at the northern and southeastern edges 2nd the south- 
central part of this peninsula Sevelal small patches of these  beds  veneer  terraces lust 
north of Mulegk Estuary. These all resemble the late Pllocene Infierno Formatlon at 
Santa R o s a h  (Wrlson and Rocha, 1955), but may correlate with Wilson and Rocha’s 
lower Plrocene Boles Formation or middle Pliocene Gloria Formation, as discussed 
below. 

The following  stratlgtaphic section was measured about 135 mlles N. 60” E of the 
house at  Rancho Santa Rosallllm In the  southern  part of Concepclon Penmsula: 

Inferno(?) Formatton 
7 Sandstone,  whlte to llght  brown, even-bedded, with lenses of Impure, cavernous, 

sandy,  marly,  lmestone 1 to 2 feet thlck 14 
G Sandstone,  very pale brown, calcareous, even-bedded 4 
5 Marl, whrte, sandy 2 
4. Sandstone,  fine-gra~ned, calcareous, argillaceous, yellowish gray to pale reddish 

gray,  wlth oysters 12 
3. Coquma, mostly wlth Pecte71 and oyster shells, wltb some Tu~~rtelln and other 

gastlopods  and ”sand dollar” echlnolds, I n  calcareous sand rnatrlx 13 
2 Conglomerate, Ientlcular, with volcanlc pebbles 025 to 2 Inches In maxlrnum 

dimension 3 
1. Sandstone,  hlghly calcareous and argdlaceous, pale reddlsh gray, gradmg locally 

into calcareous mudstone,  at 27 and 33 feet above base wlth 18-lnch beds of 
highly  porous to cavernous, whlte,  marly  I~mestone 56 

Base not exposed. 
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Some fossils from these  beds at  the  north t ~ p  of Concepclon Peninsula  were identdied 

Anomta peruvzana, dOrbigny 
Conus sp. (cast) 
Ostrea angeltca Rochebrune 
Ostrea kel rmannt Conrad 
Pecten (Pecten) sp. 
Pecten (Chlamys) of C. (C.) cortezrnna Durham 
Pecten ( E ~ u o l a )  of P. ( E )  keep1 Arnold 
T u m t e h  (cast) 

for  the wrlter by Leo G. Hertlem as: 

Hertlein states that, 01 these, Ostren izerrmanni and Pecten (Chlamys) and Pecten 
(Euvola) are  known only flom beds of Pllocene age Hertlem  further felt  that the 
preservatlon of two other fossh collected fLom the same place, Chzone cabfotnzenszs 
Brodeup  and Tzutztelln gonostomz Valencienes, was like that typical of Pleistocene 
matend. Undoubtedly thu mlxlng of Pllocene and probable Blelstocene fossils is due 
to sloughing from  the Plelstocene marine  terrace veneer ovellymg  the  Infierno(?) 
Formatlon at this locality. 

Some fossrls from  Infielno( ?) beds at the  southwest  end of Concepclon Peninsula 
were Identified by He1 tleln  as : 

Hanetta cf. H. p a W a  Broderip and Sowerby 
Osjrea henmannz Conrad 
Osttea a@. 0. calzfornzcn Marcon 
Pecten (Argopecten) abietzs E. K. Jordan  and  Hertlein 
Pecten (Nodzpecten) subnodoszls Sowerby 
Tzolztella cf. T.  tmpetialts Wanna 

Of these,  all  except Pecten (NodLpecten) stcbnodosz~s and Hanetin cf. H. pallzda are 
stated by Hertlem to occur only 111 beds of Pllocene age. 

Smce  the map  and diaglams wele prepared for thls report, Emerson and Hertlem 
(1964, p 354, footnote) described most of the above "Infierno" fossils as early  or mddle 
Pllocene age. Thu  would correlate wlth  the Boleo or Gloria Formations lespectlvely 
(Wilson  and Rocha,  1955). The age and corlelatlon of these  Pllocene  strata need 
furthel attention 

Mnttne  tettace deposits. The numelous terlaces boldellng Concepclon Bay ale de- 
scribed below. These terraces are veneeled wlth fossdlfelous gravels. The  35-foot ter. 
race at  the  north end of Concepclon Peninsula yielded the following fossds whlch  Hert- 
leln Ldentrfied and, based on their  preselvatlon and occurrence, dated as probably 
late Plelstocene All a1 e species l m n g  In the  Gulf of Californla  today, 

Arcn pmjica Sowerby 
Chnna cf. C. jrondosn ~ne~zcana  Carpentel 
Pecten (Nodzpecten) ~z~bdodos~cs Sowelby 
Spondylus prznceps Bloderip 

Sir enm tell ace depostts Glavcls and sands of local denvatron,  presumably deposlted 
during  the Plelstocene, mantle the stlean terraces whlch are scatteled along  the present 
stream courses. These tellaces are discussed In more detal1 below. 

Dune sands. Patches of dunes have foxned  and are  stdl actlve south of the mouths 
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BEFORE '? 

Pelones Forrnofron I n  

+ axis  of an  anticilns 

';id 
the core o f  an  anticline '\ '\ 
5 , o  5 io 15 20 miles 

Figure 2. Diagram lllustratlng possible movement along the Concepclon Bay fault zone 

east  to Cerro  Pneto. The illst two  contaln lnclusrons from  the volcanics and the base- 
ment complex. Some of these lncluslons are so well rounded  that it seemed almost cer- 
tain on first glance that they were water-won cobbles. 

Py?ocZustic dikes. Locally, small, llgllt orange to plnk tuff dikes with many angular 
tuffaceous  fragments  cut  the volcanlcs of the Pelones Formatlon. 

Dz@s czttting the Rtcnsdn Formatzon. In  contrast to the  many  dikes  that cut the 
Pelones Formation, only two dlkes  were seen cutting  the  Rlcas6n  Formation. One is 
In the  northeast face of the hill just nolth of the  house of Bonlfaclo Dlaz at Coyote Bay 
and  the  other  along the trail leading  near the  head of Arroyo  Ranladd west of Coyote 
Bay. The latter is basalt porphyry (and probably so IS the  formel), consisting lnalnly of 
plagioclase (An,,) wlth  minor hornblende phenocrysts  partly alteled to hematite. 
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STRUCTURE 
The structure of the Concepclon Bay Area 1s charactelized by abundant  normal  and 

some lateral  faulting superimposed on broad, gentle folds. The structure 1s presented 
rather schematically In Plate 2 because of the lack of key beds in the very thlck volcanics 
of the Pelones and Rlcas6n Formations. 

The locks of Concepcion  Peninsula form a large antlcllne wrth a northwest- 
southeast axis. Toward  the northwest  end of the  peninsula the axis  plunges moderately 
northwest, at the opposlte end it 1s almost horizontal. What is hele called the Concep- 
clon  Bay fault zone truncates  the southwest portion of the fold. I 

To the northwest, across the  mouth of Concepcron Bay  lies anothet nolthwest-south- 
east-tiending antlcllne This 1s the  much-faulted Mulegk anticline. Toward the south- 
east the axls plunges modelately southeast and  at  the opposite end It 1s almost hori- 
zontal The northeast portlon 1s truncated by the Collcepcion Bay fault zone. ~ 

Concewably, these two slices  of antlchnes are actually parts of the same structure, 
with a right lateral offset about 19 miles along  the Concepcion Bay fault zone, as sug- 
gested  In Flgule 2 This  fault zone delmeates the  Gulf coast far to the northwest of the 
mapped area,  passes through Concepclon Bay, continues southeastward along aligned 
valleys 30 mdes to Loreto, and  agam  delineates the coast southeastward from  there, 
This Concepclon  Bay fault  zone is probably an  lmpoltant branch of the San Andreas I 

fault system which  has  large  rlght  lateral  displacement in California and IS believed to 
pass through the Gulf ol California 

The much  faulted block to the southwest of the Concepclon Bay fault zone has 
dlopped  down  and  tdted  towald this fault  (forming Concepcion Bay 111 an area of low 
relief) and  the block to  the noltheast  (Concepclon  Peninsula) has risen and tilted away 
from  the  fault. 

Thele 1s evidence that some of the  idultlng 111 the area 1s lecent. Some fault scarps 
are quite fresh, especially along  the  Concepclon Bay fault zone, and stream terrace 
gravels ale faulted in an arroyo along a northwest-tlending fault, about 125 mlles 
west ol the  mouth of Artoyo  San  Pedro. 

I 

~ 

, 

GEOMORPHOLOGY 
Terraces and eroszon szltfmef. The shores of Baja Caldornla locally display marine 

terraces ranging between 20 and about 1,000 feet above sea  level  (Beal,  1948; Wdson 
and Rocha,  1955). In the Concepclon Bay area  patchy  iemnants to well-developed 
terraces range between 20 and 920 feet above sea level They are  most prominent at the 
noithein  and  southwestern shore of Concepclon Bay, and along the shore near  Mulegi. 
The telraces ale veneered with well-lounded pebbles and cobbles  locally cemented by 
caliche. The scattered shells on these tenaces  are of Pleistocene and Recent age (ac- 
cording to I-Iertlein, Hanna,  and  Wlthch zn Bed, 1948, p. 28-33). 

Scattered shells, seemingly indigenous to the spot, have been reported by Beal (1948) 
up to 1,800 fect and by WmCh (1920) up to 2,600 feet elevation in othel parts of Baja 
Callfornla Beal (p. 32-33) concludes. 

Figure 3 An acllal view southward of the south end of Concepclon Peninsula. 111 the foreground  are 
the promontory Punta Colorado, several marme  terraces along  the shore, and a lagoon wit11 a salt- 
encrusted shore. A fault nearly parallels the  line of slght and trends toward the south end of Concep- 
cion Bay In the background 
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GEOLOGIC HISTORY 
PROBABLE REGIONAL GEOLOGIC H I S T O R Y  

The rocks of the Concepclon  Bay alca fall  into  four  unlts. (1) a n  old beveled 
granmc basement, which 1s overlain by (2) about 13,500 feet of volcanlcs, which ale 
veneered  locally wlth (3) marlne sands, hmy days, and coqumas, and locally with (4) 
alluvium. Judging from these  rocks and the d o t  matloll galhc~cd elsewhcle by othels, 
the regional hlstory IS somewhat as iollows 

The granltlc basement  was fomed 111 the loots of a cham of mo~mtalns  whlch 
stretched along the Pacific Coast of N01t.h America.  Potassmm-algon claling on the 
basement "granite" near Concepclon  Bay lndlcates a n  age of 78 mllllon ycars. All wc 
know about the next 50 million  ycals neal Concepclon Bay 1s that these mountains 
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telraces, SLream teriaces, and old eloslon surfaces The  estualy at MulegC 1s apparently 
due to dlfie~e11t~a~er0~1011 of two dikes and due to a recent wokiwlde rise of sea level. 

The ales has had many  earthquakes  Durmg 1942 workers at the GabllSn manga- 
nese mine felt 36 earthquakes, some of whlch wele qulte strong On Februaly 29, 1930, 
whde in 3 boat  about 1 mile south of Punts El Pulplto,  lust south of the  mapped area, 
GLladalLl12e O J C ~ ~  Martlnez and hls father saw volcanic gas and steam rising out of 
the sea to a he&  of  about 10 meters, just offshore. Thls went on for SIX days Three 
days late1 a sLlong ealthqualce  centered thele 01 near there. h r  photos of that area 
show a fault headlng southeastward, out to sea at thls point, along the h e  descrlbed 
by OJeda. 

ECONOMIC GEOLOGY 
MANGANESE 

Nunmom, thm,  pylolusite veins locally fill north-tlendlng fractures In the Pllares 
Formatloll 11. the Gabdin lmne area Snlall  shipments of manganese beach cobbles 
were made clul~ng  Wolld War I, and considelable ole, up to about 50 tons per day, 
n1lnecl I1on-1 open pits, was exported duung  World  War 11, especially after a Home- 
stake M m n g  Company subsldlnry, Compafila  Mexlcana de Manganeso, purchased 
Lhe 131 ope1 ty and budt a null  The  nune &sed 111 February 1947 ana the mll1 was dls- 
nlantled a d  shipped to Durango, MexLco All that remalns at the site are the concrete- 
s l ~ b  i o u n ~ l ~ l ~ l ~ n ~  oi the V ~ I I O U S  bulldlngs and the open  pits whlch have been to a large 
extent  lcfilled T h e  Mexican Government now has the clalnx In the national reserve. 

In a p~~bl~shecl  leport on the deposit, Homestake geologist James A. Noble (1950, 
p 771-772) states: 

As cxploratlon  work proceeded, it became evident  that a large tonnage of low-grade ore 
coultl be blocked  out  and  nxned by cheap  methods Prellmlnary tests mdlcated that good 
1n1111ng recoverla could be made  In spite of many  handlcaps,  but  subsequent operations pre- 
sentccl l n m y  cllficultles, and after the close of hostllltles  a prolitable operatlon of large-scale 
m~nlng coultl noL be nmntalned 

On p 781 and p 783-785 Noble  continues: 
The s t r lhng  feature of the  manganese deposlts on Punta Concepclon IS the  abundance of 

the pyrolusl~c veinlets In low-grade ore  tmy vemlets up to an lnch (two or  three centuneters) 
w ~ t l e  n ~ c  F ~ O C C C I  at  Intervals of 10 to 15 feet (3 or 4 mcters) In average ore  the velnlets are of 
almut the  same  wldth  but closer spmng,  and In lugh-grade ore the veinlets may constitute 
almost 50 percent of a face nlssemlnated ore IS nor common  In typrcal ore the narrow, 
shalp-walled velnlets OC pyroluslte bre'll; easdy from the basalt and, except for some loss in 
fine\, mal,e almost dea l  ore for hand  sortmg 

The manganese phase of the nlrneral~zatlon 1s the only one commercdly  important In 
most oi the  tlny veins of the  mme area, pyroluslte or a manganese oxlde mlnelal very near 
pyroluslte ~n chemical and physlcal properties IS the only mneral In some velnlets, however, 
t h e ~ c  are a iew gangue minerals, In the  following paragenesis (from youngest to oldest) 
vanadlnltc,  phlolusrte, quartz, hmonlte, dolomite, calclte, aragonite 

T h e  veins are belleved to be prlmary velns of hydrothermal orlglll 

Challes F. Park, JI , visited the Gabll6n mine with  the wllLer and iound several veins 
of manganlfelous  tlaveltlne (Mexlcan  onyx) Deposition of the travertmc  alone  in 
the Ioun 01 banclcd, clean1 and brown dolomlte w a s  followed by the deposltlon oE 
tlavcltlne and pyloluslte together, and then by the deposltlon of pyloluslte  alone. Park 
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suggested  that these veins, which are probably related to hot  springs,  are  primary and 
that the veins of pure pyroluslte, whlch make  up  the bulk o l  the  ore  and whlch  Noble 
described,  are supergene deposlts in later  fractures. 

In a pit about 25 feet deep at the Trinidad prospect, 4.5 miles southeast of the Gabilbn 
mme,  the pyrolusite veins m the  conglomelates of the  Minitas  Formation show the 
same  type of origin. The veins of pure pyrolusite exposed in this  plt are superficial; 
the mmerallzatlon decreases markedly 01 dies out approximately 15 feet from the 
surface.  These vems, whlch  strlke  nolth-south and d1p 75" W ,  also continue only a 
short distance along strike. About 30 tons of ole  were  taken  from  thls prospect after 
the  plt was dug  in June 1942 (Guadalupe  Oleda,  personal  communlcation) 

T h e  Guadalupe plospect pit, on  the opposlte slde of the  peninsula,  appalently  has 
only  the  pr~mary,  white calcite-pyrolusrte veins and those in  sub-commelclal  amounts. 
Minor manganese oxide and copper carbonate  mlnerallzatron  occur 111 a few  other 
localities In the  northern  part of Concepclon Peninsula (Noble, 1950, fig. 4). 

Age of the mmganese  mznetalizatton. The primary veins at  Gabllbn mine, Tlln1- 
dad prospect, and  Guadalupe prospect ale probably of the  same  age  and  or~gln.  The 
prlmary, manganlferous travertine v e m  at Gabdbn  mine cut the  Miocene(?) P h e s  
Formation,  and manganlferous pebbles were  reportedly found  In  the  uppel( ?) Pllo- 
cene  Infierno( 7) Folmatlon at the  north  tip of Concepclon Peninsula  From these 
relationships I t  seems l o g d  to assume that  the  primary mlne1aIlzatlon 1s contempo- 
raneous with the lower Pliocene copper and  manganese deposits of the Boleo Fotma- 
tlon  near Santa Rosaha, 46 miles to  the  northwest. 

BARITE 
Numerous north-south trending, whrte veins, mostly of quaitz  and calcite but locally 

containing  mmor amounts of barite, cut  the  Pelones Formation  near  the  mouth of 
Arroyo de las Minitas de Guadalupe.  These  veins  are on strike  with  and ale  quite 
slrnrlar to  the veins at the  Guadalupe  manganese prospect 0 25 miles  to  the  south, 
except that the v e m  In Arroyo de las Minitas de  Guadalupe lack pyrolusite. 

TRAVERTINE (MEXICAN ONYX) 
Minor amounts of travertine occur along fractures on the east and to a lesser extent 

on  the west side of the small hill just west of the mountall1 front  and  just south of the 
mouth of the canyon of Arroyo Amolares In the west-central part of Concepclon 
Penmsula The rock 1s quite slmllal to that in the v e m  at  the  Gabdin mine except 
that  there 1s no associated pyrolusite. About  two  tons of this ciearn  and light  brown, 
banded rock In blocks up to 3 feet In diameter are  lymg on the slope at the pomt mdl- 
cated on Plate 1. 

GROUNDWATER 
The only permeable beds 111 the bedrock sequence are among  the red, cross-bedded 

sandstones of the Salto Folmatlon  and among the conglomelates of the Minitas and 
Horndlas Formations.  An economically feasible combination of a large  gloundwater 
reservolr in  the bedrock and a nearby large  area of good so11 was sought in vain. The 
best posslblllty IS drilling  for  water into  one of the small, fault-bounded segments of 
the  Salto  Formation near  Arroyo AmoIares and  irrigating  the  strlp of soil-covered land 
lust  inland  from  the maximum  saltwater  encroachment  along Concepclon Bay near 
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@all reservolr capaclt 
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Punts Arnolares* T h e  Supply of water would, however, soon  be depleted because of 
small leServOlr capacity and plactlcally no recharge. 

Although rhele 1s a Posslb1llty that the gravel and sands of the bajadas may  locally 
be productive SOUlCeS of deep water, shallow holes along the stream beds have been 
dry. H e l e  also the  water level would fall rapidly for  lack of significant recharge. 

Mule& and the  nearby lrrlgated fields are supplled with water by shallow wells 
along  the  arroyo  and by the lukewarm springs below the mlsslon. A conslderable flow 
of unused  water from these spmgs goes into the estuary. Two other warm sprmgs, 
more 01 less "on tlend"  are lust offshore In the northern part and lust south of Coyote 
Bay T h e  watel In these  springs 1s hot, probably for two reasons' (1) there 1s deep cir- 
culatlon  along a fault,  and (2) the area has a hlgher  than normal geothelmal  gradient 

T h e  best splillg on Concepclon Peninsula is at  Rancho Salt0 near the fault-bounded 
mountain flont  In  the west-central part During World W a r  11, it supplied the dnnk- 
ing  water for the 100 or SO people at the Gablldn mine, where It was hauled by truck. 
There  are  thtee  othel sptlngs near the mountain  front to the north and south. I n  

An oyos Sail Ignac~o, Amolal es, and Hornillas Shallow and generally somewhat alka- 
line  water wells serve the various other ranches In the area Including the goat camps 
at Gabilhn  rnlne  and  in Arroyo Mlnltas near Celro Guadalupe. 

Tin6jas (natulal  water  tanks) are important sources of water  locally, such as T d ~ a  
San Line beside Arroyo  San Lmo near the mouth of Arroyo Granlto, and Tln i~as  
Carec61 and Cop61 near  the head of Arroyo de San Juan, When vlslted, T i n i p  de 
T r i n d a d  at the  Trinldad manganese prospect was dry. 

GEOTHERMAL POWER POSSIBILITY 
Just south of the southeast coiner of the map, In an area of numerous north-south 

ftactures  and small-scale, chaotic block faulting, there 1s a nolth-south line of fumeroles 
emitting very hot steam. The quantity of steam reportedly vanes with  the  amount of 
lecent  rain.  Appalently  the lock is quite hot at not very great depth Thls reservoir of 
heat, wluch  could be quite large,  may prove to be a future geothermal power source, 
especially if seawatel wete pumped down  into the hot area and then retrleved as steam. 

POTASSIUM-ARGON DATES 
T h e  iollowing  tabulation summarizes reports of analytlcal work on potassmm-argon 

dating 01 biotite concentrates from three samples from the Concepclon Bay area, pre- 
pared by Geochron Laboratoties, Inc. 
Laboratory 

Samplc 
Number Rock Unrt 

80476 "Granite" from base- 
ment complex. 

8013G Tull from upper part of 
the Salto Formation 

Locatmn 

Stream boulders from large  arroyo lust 
north of Rancho Hornillas, west central 
part of Concepcmn Penmula 
From canyon wall In Arroyo  Salto about 

mile upstream from canyon mouth at 
Rancho Sako on Concepbon Penmula 
Stream boulders from Arroyo Beatrlz near 
road to Gabdin mine on Concepclon Pen- 
Insula. 
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Age 
(mllhons 
of years) 

7 8 4 2 2 8  
(late 
Cretaceous) 
281-t-09 
(late 
Oligocene) 
2 0 0 2 2 0  
(early 
Miocene) 



REFERENCES 

HIRSCHI, H , 1926 Beltrage zur Petrographle von  Baja Callfolnla, Mexlco Schweiz, 

~ I C Q U E S ~ N ,  C A ,  1916 Mlnas de manganeso en Punta Concepc1011, Munlcipalldad dc 
b h e r .  Petrog  Mltt , v 6, p 346-350 

hiuleg;, B a p  Callfornla. Bo1 Mmero (Mexico), v. 1, p 232-235. 

24 



25 



Baja California,  Mexico 
Thickness(feet) 

0,oo c 

5,O O 

Recent Alluvium 
Pleistocene  Ter   race  Gravels 

Inf ierno Fm.- W h i t e   t o   p a l e   y e l l o w i s h   g r a y ,  
ve ry   fo s s i l i f e rous   s ands tone ,  mar l ,  a n d  
c o q u i n a  

Ricason Fm.- dark  gray,   brown-weothering,  
bosolt  f lows ,  f l o w  b r e c c i a s ,   a g g l a m e r d t e s ,  
a n d   l i g h t d c o l o r e d   t u f f s  

Hornillas F m . - c o a r s e ,   t u f f a c e o u s   c o n g l o m e r a t e  
w i t h  v o l c a n i c  c l a s t s  

Gabbro Stock - with  a s s o c i a t e d   d i o r i t e  
p o r p h y r y   d i k e s  

Salto Fm.- p o l e  r ed ,   c ros s -bedded ,   f i ne -g ra ined ,  
w e l l - s o r t e d ,   t u f f o c e o u s , s a n d s t o n e   w i t h   i n f e r -  
b e d d e d ,   v e r y   l i g h t - c o l o r e d   t u f f s  

Basement Complex- p e n e p l o n e d   " g r a n i t i c  
b a t h o l i t h ,   r a n g i n g   f r o m   g r a n o d i o r i t e   t o   q u a r t z  
m o n z o n i t e   a n d   l o c a l l y   w i t h   p e n d a n t s  of ,  b i o t i t e -  
r ich   sch is t .   Loca l ly   the   sch is t -"grani te   Contac t  
1s g r a d a t i o n a l .  

pi lares Fm.- d a r k   g r a y ,   s c o r i a c e o u s  basal t ,  
l oca l ly   w i th   p i l l ows  

Minitos Fm.- c o a r s e ,   t u f f a c e o u s   c o n g l o m e r a t e ,  
l o c a l l y   w i t h  o t u f f - g y p s u m   s e q u e n c e  at base 

Pelones Fm.- a n d e s i t i c   a g g l o m e r a t e s  w i t h  
i n t e r b e d d e d   b a s a l t i c   f l o w s ,   m i n o r  t u f f s ,  
a n d   r a r e   c o n g l o m e r a t e   o n d   t u f f a c e o u s  
s a n d s t o n e   b e d s  

T o n o l i t e  S t o c k - w l t h   f e w   a s s o c i a t e d  
tono l i t e   d ikes  

m conglomerota m sondstone n s h a l e  

l i m e s t o n e  m gypsum l ova  

m lavo pil lows B t u f f  m o g g l o m e r a t a  

m grontt ic  rock m gabbro 

m marl 

lava b r e c c i a  

m s c h i s t  
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S T R A T I F I E D  R O C K S  

\ 
Plow Buena 

I n f i e rno  Fm. 

Interbedded  coquina,  marl,  and  conglomeratic  sandstone 

Concepclon Penlnsuia Northern part,of in the southern 
part  of  mapped area 

Near Mulege' 

Ricasdn  Fm. 
include  Hornillos 
Pilares Fms.) 

5casón Fm. 

Andesite  and  basalt 
flows, o glomerates, 
and tu f  3 s. 

lornil los Fm. 
26" ? 

26' 

Coarse tuffaceous 
conglomerate 

'elones Fm, n Pilares F m. INTRUSIVE 

Di he 

I MP¡ I Andesite  and basalt; locally scoriaceous and 
with pillows 

O 

LT 

P 
W 

P 

Minitas Fm. 
a 
a Minitas  Fm. W 

MP Andesite  agglomerates, Mm Coarse conglomerate underlain by gypsifer- 
ous tuf fs 

Gypsiferous tu f fs  
flows, and tuffs 

i 4 
Post-Pelones Fm, 

Ter t ia ry   tona l i t  e 

. .  
U Pelones Fml Pelones Fm. o m flows, and t u f f s  O 

0 
W 

Andesite agglomerates 

;a l t o  Fm. 
Red, cross-bedded  sandstone 
wit h some interbedded t u f f s  

Tertiary intrusion, mos t l y   gabbro  

30' - 
112" 05' I I Z0  00' 
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