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A new collection of fossil hermatypic corals from the late Miocene Imperial Forma-

tion, the early Pliocene San Marcos Formation, the middle to late Pliocene Carmen

Formation and the Pleistocene, Gulf of California, Mexico, has yielded four unde-

scribed species Siderastrea sp., cf. Placosmilia sp., Favia sp. 1., and Favia sp. 2. Addi-

tionally, new occurrences of the previously described Pocillopora damicornis (Lin-

naeus 1758), Pocillopora verrucosa (Ellis and Solander 1786), Pocillopora meandrina
Dana 1846, Gardineroseris planulata (Dana 1846), Pavona clavus (Dana 1846), Porites
lobata Dana 1846, Diploria sarasotana Weisbord 1974 as well as Dichocoenia eminens
Weisbord 1974, are reported. The fauna occurs either in low-angle ramps or flat-

lying terraces of variable extension. Most outcrops are small, and reminiscent of

more extensive deposits usually deposited on open, exposed, high-energy environ-

ments. However, well preserved units deposited on protected embayments are also

present. Except at Isla Coronados and La Ventana where multiple coral terraces

occur, coral bearing units represent single spatio-temporal growth episodes. The

present analysis shows that hermatypic coral fauna between late Miocene to late

Pleistocene in the Gulf of California is still depauperate; nonetheless it bears many

more species than previously thought.
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Fossil reef corals have previously been reported from the eastern Pacific during the Cenozoic

where up to 151 coral species, including synonyms, have been recorded (López-Pérez 2005).

Between the late Miocene and Recent time fossil-bearing units are spatially restricted to the Gulf

of California, and there is a lack of outcrops in western México and Central America (Palmer 1928;

Hertlein 1972). Since in 1893 Fairbanks first recorded the existence of an unusually interesting

coral fauna from Imperial Valley, California, thirteen species included in nine genera have been

reported in the Gulf of California area; surprisingly those coral taxa were treated in a handful of

papers published by Vaughan (1917), Durham (1947, 1950), and Squires (1959). The rest of the

Gulf of California literature has just added fossiliferous localities to the record (Jordan and Hertlein

1926; Hertlein 1957; Hertlein and Emerson 1959; Emerson 1960; Emerson and Hertlein 1964;

Hertlein 1966; Simian and Johnson 1997; Johnson and Ledesma-Vázquez 1999; Gastil et al. 1999;

De Diego-Forbis et al. 2004). As demonstrated by the present paper, rather than being caused by

the impoverished and to some extent homogenous fauna of the Gulf of California, the pattern main-

ly resulted from the focus of the studies; except for the works of Vaughan (1917), Durham (1947,
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1950) and Squires (1959), whose main concern was hermatypic corals, most reports were inciden-

tal in nature and resulted from studies focused on aspects other than corals. 

An interinstitutional and multidisciplinary research team is targeting Pliocene to Pleistocene

coral communities in the Gulf of California in order to assemble a detailed geologic and taxonom-

ic framework for already known and new coral bearing units. The focus of the present paper is to

report new records of fossil corals from the late Miocene to late Pleistocene in the Gulf of Califor-

nia, to provide basic information on the lithology, age and paleoenvironment of each unit where

fossil corals were collected, and to discuss some distribution aspects. Further implications in pale-

oecology, paleogeography and evolution of the group in the Gulf of California will be discussed

elsewhere.

STRATIGRAPHY AND GEOLOGIC SETTING

The fauna described below

was collected from late Miocene

to late Pleistocene fossil coral

outcrops showing reef develop-

ment in the Gulf of California

area (Fig. 1). A general account

of the nature and deposition of

the coral bearing units is fol-

lowed by a brief synopsis of the

lithology, age, and paleoenviron-

ment of each unit. Information

regarding locality, geologic for-

mation, age and collected species

is detailed in Table 1.

CORAL-BEARING UNITS.—

Coral-bearing units form low-

angle ramps (Punta Chivato area,

San Nicolas, Isla Montserrat;

Fig. 1; Table 1), or flat-lying ter-

races (Isla Coronados, Las Ani-

mas, Cabo Pulmo; Fig. 1; Table

1) of variable extension. They

usually rest with an angular

unconformity on the tilted vol-

canics of the Miocene Comondú

Group in the Bahía Conception

area (Ledesma-Vázquez and Johnson 2001), Miocene El Cien Formation at Las Animas (DeDiego-

Forbis et al. 2004), and early Pliocene Trinidad Formation at Rancho Algodones (Martínez-Gutiér-

rez and Sethi 1997). Most outcrops are small, reminiscent of more extensive deposits, which are

usually deposited on open, exposed, high-energy environments; however, well preserved units

deposited in protected embayments are also presented (South Punta Chivato, Cañada Coronados,

Puerto Balandra, Las Animas; Fig. 1; Table 1). Marine deposits are common and widespread from

Santa Rosalia to Cabo Pulmo (Ortlieb 1991), although those recording reef development are scarce.

Except at Isla Coronados (Johnson et al. 2007) and La Ventana where multiple coral terraces occur,

they represent single spatio-temporal growth episodes. Finally, in contrast with the Indo-Pacific
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FIGURE 1. Study localities in the Gulf of California, northwestern Méxi-

co. Each dot represents a general area, detailed information about each locali-

ty is listed in Table 1.



and Caribbean where coral accumulations have

a wide bathymetric range (∼ 0–50 m) and there-

fore most reef-building episodes preserve sev-

eral reef environments (Pandolfi 1996), Gulf of

California coral communities developed in

shallow water (<15 m) and coral-bearing units

generally represent single reef environments.

IMPERIAL FORMATION.— The Imperial

Formation is a lithologic unit described from

the Coyote Mountains in Southern California

(Hanna 1926) and deposited in the “pull-apart”

basin of the Salton trough (Fig. 2). In general,

the Imperial Formation overlies Mesozoic and

older metamorphic basement at contacts repre-

senting rocky shorelines containing marine

borings, and is covered predominantly with

Quaternary age sediments (Watkins 1990). The

Imperial Formation unconformably overlies the

Alverson Formation and local non-marine

units, and represents marine conditions consist-

ing of green micaceous shale, calcareous sand-

stone and yellow biostromal claystone (Kid-

well 1988). Corals were collected by Ann F.

Budd (Department of Geoscience, University

of Iowa) from the calcareous sandstone Latra-

nia Member at Barrett Canyon, northeast of

Coyote Mountains and Alverson Canyon (Fig.

2; Table 1), deposited under shallow marine

conditions (Foster 1979, 1980). A more

detailed analysis regarding the stratigraphic set-

ting of the collecting localities is provided by

Foster (1979, 1980).

Studies indicate that the boundary between

members of the formation is time-transgressive and that the unit includes multiple biofacies of

uncertain temporal relations. However, radiometric ages from rocks overlying and underlying fos-

siliferous facies constrain the age of the Imperial Formation to greater than 6 Ma and less than 6.5

Ma (Eberly and Stanley 1978, for rocks underlying the Imperial Formation in the Coyote Moun-

tains; McDougall et al. 1999, for rocks overlying the Imperial Formation in Whitewater Canyon).

SAN MARCOS FORMATION.— The San Marcos Formation is the lower member of a much larg-

er lithologic unit referred as the Salada Formation by the Marland Oil Company (Anonymous

1924) used to describe all the marine Pliocene of Baja California. As designated by Anderson

(1950), the San Marcos Formation overlies unconformably tilted Oligocene to Miocene andesites,

basalts, tuffs and volcanic breccias of the Comondú group (McFall 1968). The San Marcos Forma-

tion is a sequence of clastic sediments, gypsum and pebbly limestone at San Marcos Island, but

consists of ∼ 61 m of volcanic gravels, sandstones, and siltstones at Isla Carmen (Anderson 1950). 

Corals were collected from a pebbly limestone facies to the north of Punta Chivato and Ense-

nada El Muerto in the Punta Chivato area, and calcareous sandstone at Puerto de la Lancha in Isla
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FIGURE 2. Collecting localities in the late Miocene

Imperial Formation of California, United States. Detailed

information about each locality is listed in Table 1. Adapted

from Foster (1979).
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TABLE 1. Locality and taxa register. Global positioning satellite co-ordinates taken between

June 2002 and January 2005 are given for each locality. * = New records.

BC 1, South Punta Chivato; elevation 6 m; N 27°04.382′–W 111°57.558′. Geologic age: late Pleistocene,

117.9 ± 0.6 ky. Faunal list: Porites panamensis.

BC 2, Las Barracas; elevation 49 m; N 27°03.262′–W 111°59.953′. Formation: Marquer. Geologic age: mid-

dle to late Pliocene. Faunal list: Porites carrizensis, Dichocoenia merriami.
BC 3, Punta Chivato; elevation 70 m; N 27°05.537′–W 111°57.511′. Formation: San Marcos. Geologic age:

early Pliocene. Faunal list: Porites carrizensis, Solenastrea fairbanksi, * cf. Placosmilia sp.

BC 4, San Nicolas; elevation 72 m; N 26°31.559′–W 111°34.068′. Formation: San Nicolas. Geologic age:

middle to late Pliocene, < 3.3 ± 0.5 Ma. Faunal list: * cf. Placosmilia sp.

BC 5, San Antonio; elevation 28 m; N 26°31.771′–W 111°28.153′. Geologic age: late Pleistocene, 130–120

ky. Faunal list: Porites panamensis.
BC 6, Las Animas 1; elevation 17 m; N 24°32.447′–W 110°44.290′. Geologic age: late Pleistocene, 130–128

ky. Faunal list: Porites panamensis, Pocillopora capitata.
BC 7, Las Animas 2; elevation 27 m; N 24°32.642′–W 110°44.372′. Geologic age: late Pleistocene, 130–128

ky. Faunal list: Porites panamensis, Pocillopora capitata.

BC 8, Cabo Pulmo; elevation 32 m; N 23°26.186′–W 109°25.700′. Geologic age: late Pleistocene, 140–120

ky. Faunal list: Porites panamensis, *Porites lobata, Pocillopora capitata, *Pocillopora meandrina,

*Pocillopora damicornis.

BC 9, Rancho Los Algodones; elevation 149 m; N 23°12.767′–W 109°39.858′. Formation: El Refugio. Geo-

logic age: early Pliocene. Faunal list: Solenastrea fairbanksi.
BC 10, La Ventana1; elevation 3 m; N 24°02.520–W 109°49.432′. Geologic age: late Pleistocene. Faunal list:

Porites panamensis, Pocillopora capitata, *Pocillopora damicornis, *Pavona clavus.

BC 11, La Ventana 2; elevation 15 m; N 24°01.922′–W 109°48.853′. Geologic age: middle Pleistocene. Fau-

nal list: Porites panamensis, Pocillopora capitata, *Pavona clavus, *Gardineroseris. planulata, Psammo-
cora stellata.

BC 12, Punta Baja, Isla Carmen; elevation 16 m; N 25°49.009′–W 111°12.526′. Geologic age: late Pleis-

tocene. Faunal list: Porites panamensis, Porites sverdrupi, Pocillopora capitata, Psammocora stellata.

BC 13, South Isla Carmen; elevation 10 m; N 25°49.139′–W 111°12.870′. Geologic age: late Pleistocene. Fau-

nal list: Porites panamensis.

BC 14, Arroyo Blanco, Isla Carmen; elevation 79 m; N 25°53.759′–W 111°11.526′. Geologic age: Pleis-

tocene. Faunal list: Porites panamensis.

BC 15, Puerto de la Lancha, Isla Carmen; elevation 30 m; N 26°03.284′–W 111°06.372′. Formation: San Mar-

cos. Geologic age: early Pliocene. Faunal list: Porites panamensis, Porites carrizensis, Solenastrea fair-
banksi, *Siderastrea sp., *Favia sp. 2.

BC 16, Bahía Oto, Isla Carmen; elevation 7 m; N 26°02.550′–W 111°09.730′. Formation: Carmen. Geologic

age: middle to late? Pliocene, 3.1–1.8 Ma. Faunal list: Porites panamensis.

BC 17, Puerto Balandra 1, Isla Carmen; elevation 2 m; N 26°01.395′–W 111°09.960′. Geologic age: late Pleis-

tocene. Faunal list: Porites panamensis.

BC 18, Puerto Balandra 2, Isla Carmen; elevation 1 m; N 26°00.949′–W 111°09.843′. Geologic age, late Pleis-

tocene. Faunal list: Porites panamensis.

BC 19, Bahía Marquer, Isla Carmen; elevation 26 m; N 25°52.748′–W 111°13.033. Formation: Marquer. Geo-

logic age: middle? to late Pliocene. Faunal list: Porites panamensis.

BC 20, Timbabichi; elevation 5 m; N 25°16.756′–W 110°56.004′. Geologic age: late Pleistocene. Faunal list:

Porites panamensis, Pocillopora capitata, *Pocillopora damicornis, Pocillopora elegans, *Pocillopora
verrucosa.

BC 21, Sur Timbabichi; elevation 11 m; N 25°14.383′–W 110°56.509′. Geologic age: late Pleistocene. Porites
panamensis.

BC 22, Isla San José 1; elevation 56 m; N 25°01.168′–W 110°35.172′. Geologic age: middle Pliocene. Fau-

nal list: Dichocoenia merriami.
BC 23, Isla San José 2; elevation 105 m; N 25°00.737′–W 110°34.856′. Geologic age: middle Pliocene. Fau-
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nal list: Solenastrea fairbanksi, *Diploria bowersi.
BC 24, Isla Montserrat 1; elevation 43 m; N 25°39.810′–W 111°02.384′. Formation: San Marcos. Geologic

age: early Pliocene. Faunal list: Porites panamensis.

BC 25, Isla Montserrat 2; elevation 204 m; N 25°40.379′–W 111°01.880′. Formation: Carmen. Geologic age:

middle to late? Pliocene. Faunal list: Porites carrizensis, Pocillopora capitata, *Favia sp. 1.

BC 26, Isla Montserrat 3; elevation 213 m; N 25°40.470′–W 111°01.837′ Formation: Carmen. Geologic age:

middle to late? Pliocene. Faunal list: Porites carrizensis, Pocillopora capitata, *Favia sp. 1.

BC 27, Isla Montserrat 4; elevation 202 m; N 25°40.520′–W 111°01.784′ Formation: Carmen. Geologic age:

middle to late? Pliocene. Faunal list: Porites carrizensis, Pocillopora capitata, *Favia sp. 1.

BC 28, La Ventana 3; elevation 15 m; N 24°02.474′–W 109°49.577′. Geologic age: middle? Pleistocene. Fau-

nal list: Porites panamensis.

BC 29, La Ventana 4; elevation 21 m; N 24°02.200′–W 109°49.332′. Geologic age: middle? Pleistocene. Fau-

nal list: Porites panamensis.

BC 30, La Ventana 5; elevation 19 m; N 24°02.033′–W 109°49.175′. Geologic age: middle? Pleistocene. Fau-

nal list: Porites panamensis, *Pavona clavus.

BC 31, La Ventana 6; elevation 39 m; N 24°01.947′–W 109°49.160′. Geologic age: early? Pleistocene. Fau-

nal list: Porites panamensis, *Pavona clavus.
BC 32, La Ventana 7; elevation 54 m; N 24°01.834′–W 109°49.130′. Geologic age: early Pleistocene. Faunal

list: Porites panamensis, *Pavona clavus.
BC 33, Las Animas 3; elevation 17 m; N 24°32.672′–W 110°44.358′. Geologic age: late Pleistocene. Faunal

list: Porites panamensis, Pocillopora capitata, * Pocillopora damicornis, Psammocora stellata.

BC 34, El Bajo; elevation 10 m; N 26°06.085′–W 111°19.626′. Geologic age: late Pleistocene. Faunal list:

Porites panamensis. 

BC 35, Ensenada El Muerto; elevation 19 m; N 27°05.722′–W 111°58.797′. Formation: San Marcos. Geolo-

gic age: early Pliocene. Faunal list: Porites panamensis, Porites carrizensis, Dichocoenia merriami,
*Dichocoenia eminens, Solenastrea fairbanksi, * cf. Placosmilia sp., *Diploria sarasotana.

BC 36, Isla Coronados 1; elevation 9.8 m; N 26°06.718′–W 111°16.670′. Geologic age: late Pleistocene. Fau-

nal list: Porites panamensis, Pocillopora capitata.

BC 37, Isla Coronados 2; elevation 11.95 m; N 26°06.719′–W 111°16.665′. Geologic age: late Pleistocene.

Faunal list: Porites panamensis, Psammocora stellata.

BC 38, Cañada Coronados, Isla Coronados; elevation 12–14 m; N 26°06.563′–W 111°16.376′. Geologic age:

late Pleistocene. Faunal list: Porites panamensis, *Pavona clavus, Pavona gigantea.

BC 39, Isla Coronados 4; elevation 16 m; N 26°06.620′–W 111°16.352′. Geologic age: middle Pleistocene.

Faunal list: Porites panamensis, Pocillopora capitata.

BC 40, Isla Coronados 5; elevation 17.5 m; N 26°06.502′–W 111°16.198′. Geologic age: middle? Pleistocene.

Faunal list: Porites panamensis, Pocillopora capitata.

BC 41, Isla Coronados 6; elevation 19.5 m; N 26°06.499′–W 111°16.165′. Geologic age: middle? Pleistoce-

ne. Faunal list: Porites panamensis, Pocillopora capitata, Pocillopora elegans, Pavona gigantea. 

BC 42, Isla Coronados 7; elevation 22.5 m; N 26°06.708′–W 111°16.158′. Geologic age: middle? Pleistocene.

Faunal list: Porites panamensis, Pocillopora capitata.

BC 43, Isla Coronados 8; elevation 23.95 m; N 26°06.713′–W 111°16.164′. Geologic age: middle? Pleis-

tocene. Faunal list: Porites panamensis.

BC 44, Isla Coronados 9; elevation 24.25 m; N 26°06.717′–W 111°16.169′. Geologic age: middle? Pleis-

tocene. Faunal list: Porites panamensis.

USGS 07616, Barret Canyon (Vaughan 1917; Foster 1979). Formation: Imperial. Geologic age: late Miocene.

Faunal list: Porites carrizensis, Dichocoenia merriami, Solenastrea fairbanksi, Siderastrea mendenhalli.
UCLA 631, northeast Coyote Mountains (Foster 1979). Formation: Imperial. Geologic age: late Miocene.

Faunal list: Porites carrizensis, Dichocoenia merriami, *Dichocoenia eminens, Solenastrea fairbanksi,
Siderastrea mendenhalli, Diploria bowersi.

USGS 3923, Alverson Canyon (Vaughan 1917; Foster 1979). Formation: Imperial. Geologic age: late

Miocene. Faunal list: Porites carrizensis, Solenastrea fairbanksi, Siderastrea mendenhalli, Diploria bow-
ersi.
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FIGURE 3. Collecting localities (•) at Punta Chivato and Bahía San Nicolas area in the Gulf of California, northwest-

ern México. Detailed information about each locality is listed in Table 1. Adapted from Simian and Johnson (1997), and

Ledesma-Vázquez (2002).



LÓPEZ PÉREZ: FOSSIL CORALS FROM THE GULF OF CALIFORNIA, MÉXICO 509

FIGURE 4. Collecting localities (•) at Coronados, Carmen and Montserrat Islands in the Gulf of California, northwest-

ern México. Detailed information about each locality is listed in Table 1.



Carmen (Figs. 3 and 4; Table 1). The coral bearing units are relatively small at Puerto de la Lan-

cha and north of Punta Chivato (Puerto de la Lancha, ∼ 70 m in length with a maximum width of

15 m and a maximum height of 5 m; Punta Chivato, 107 m in length with a maximum width of 20

m and a maximum height of 1–4 m), but large at Ensenada El Muerto (greater than 500 m in length

with a maximum width of 50–60 m and a maximum height of 5 m). At the localities, corals do not

form a rigid reef structure; instead scattered colonies, which are poorly preserved, are mixed with

andesite black pebbles in the Punta Chivato area. Based on the presence of index fossils (Durham

1950; Simian and Johnson 1997) and its relation with the Miocene Comondu Group, the coral

facies were deposited under vigorous wave activity immediately after the Pliocene-Miocene

unconformity during the early Pliocene.)

CARMEN AND MARQUER FORMATIONS.— The Carmen Formation crops out around the eastern

shore of Bahía Salinas and along the shore of Bahía Oto at Isla Carmen. Anderson (1950) defined

the unit as ∼ 460 m of volcanic pebble and cobble conglomerate, which is poorly bedded, and con-

tains scattered interbeds of volcanic sandstone usually 0.3–0.7 m thick with fragmentary marine

fossils. Dorsey et al. (2001) conducted a more detailed study of the sequence on the northeast side

of Isla Carmen and found ∼ 1200 m of thick bedded conglomerate, bedded conglomerate sand-

stone, bathyal marine marlstone and mudstone, dacite breccia, and conglomerate and bioclastic

limestone. At Bahía Oto (Fig. 4), the Carmen Formation is a flat lying sequence formed by calcare-

ous beds and volcanic conglomerate capped by light-gray limestone, where scattered intermediate-

sized heads of massive Porites panamensis Verrill were collected. This section contains the upper

conglomerate and youngest bioclastic unit identified at Punta Perico (Dorsey et al. 2001:100) and

deposited in a high-energy marine-shelf setting. At Isla Montserrat (Fig. 4), the Carmen Formation

is a unit ∼ 12–34 m of basal conglomerate capped with light-gray fossiliferous limestone. Pocillo-
pora capitata Verrill 1864, Porites panamensis Verrill 1866 and Favia sp1. collected at 200-220 m

(Table 1) from the fossiliferous limestone do not form a reef structure; nonetheless colonies are

abundant and not bound together and not attached to a firm substrate, but rather they are surround-

ed by Quaternary siliciclastics and Pliocene bioclastic sandstone.

The Marquer Formation is comprised of siliciclastic and bioclastic sediments, including cal-

careous conglomerates containing pebbles, calcareous sandstones, marls, coquina, algal limestone,

and coral reef material (Anderson 1950). Most of the sediments, however, represent carbonate dep-

osition accumulated in shallow marine environments (Durham 1950). Intermediate-sized heads 

(∼ 7-10 cm height) of Porites panamensis were recovered from Bahía Marquer (Fig. 4; Table 1)

formally designated as the type locality for the formation; here extensive reef (∼ 140 m in length

with a maximum width of ∼ 92 m and a maximum height of ∼ 3 m) composed of the above species

form the upper part of the sequence. At Las Barracas (Fig. 3; Table 1), Porites carrizensis Vaugh-

an 1917 was collected from the limestone (1–2 m) that caps the north/east corner of Mesa Las Bar-

racas, whereas Dichocoenia merriami (Vaughan 1900) was collected from the thick (∼ 36 m) unit

of soft lime-rich siltstone underlying the limestone. Occurrence of the sand dollar Encope shepher-
di Durham 1950 at Bahía Marquer and Las Barracas, suggests a late Pliocene age for the outcrops. 

The age, lithology and faunal relationships between Carmen and Marquer formations are still

not clear. The Carmen and Marquer formations were proposed by Anderson (1950) to represent

middle and late Pliocene sequences, as suggested by the large-scale correlation of Durham (1950)

based on mollusks; however, lithologically the beds closely resemble one another (Anderson

1950). Natland (1950) suggests a late Pliocene age for foraminiferal assemblages at Punta Perico,

which is considered as the type locality for the Carmen Formation. This interpretation is further

supported by Dorsey et al. (2001) who suggested a middle to late Pliocene age (∼ 3.1–1.8 Ma) for

the Carmen Formation based on planktonic foraminiferal stratigraphy. In addition, molluscan pale-
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ogeographic studies conducted by Smith (1991a, 1991b) indicate that mollusks are not effective at

differentiating among formations. Further information is needed to determine the relative or

absolute age of the outcrops.

SAN NICOLAS FORMATION.— The San Nicolas Formation is a lithologic unit described from

the Bahía Concepción area in Baja California Sur (Ledesma-Vázquez 2002). It was deposited dur-

ing the crustal extension of the Proto-Gulf in the basin of San Nicolas. The San Nicolas Formation

overlies the tilted Oligocene-Miocene Comondú Group, and represents marine conditions consist-

ing of the lowermost Tobas San Antonio Member, the Los Volcanes alluvial fan, the transitional

Lodolita Arroyo Amarillo Member, and the marine La Ballena Member (Johnson and Ledesma-

Vázquez 2001; Ledesma-Vázquez 2002). A relatively large number of overturned specimens of the

coral cf. Placosmilia sp. were collected from a fine sediment (mudstone) matrix not far above the

Miocene-Pliocene unconformity (Fig. 3; Table 1). The matrix is mixed with abundant internal

molds of a wide range of molluscan fossils belonging to the Arroyo Amarillo Member. According

to Ledesma-Vázquez (2002), the maximum age assigned to the lowermost Tobas San Antonio unit

is 3.3 ± 0.5 Ma. As deduced from the type of sediment, the fauna and the completeness of the fos-

sils, the strata were deposited in a sandy tidal flat with significant wave activity (Johnson and

Ledesma-Vázquez 2001).

EL REFUGIO FORMATION.— The El Refugio Formation represents the youngest marine unit in

the San José del Cabo Basin (Fletcher et al. 2003). The El Refugio Formation conformably over-

lies the Trinidad Formation; it is composed of ∼ 380 m of light-gray colored medium to coarse

arkosic sandstones as well as some fine-grained sandstone, shale, and limestone (Martínez-Gutiér-

rez and Sethi 1997). The unit is considered a regressive sequence based on its coarse grain size,

ripple marks and fine cross laminations, abundant bioturbation and coarse shell deposits. A large

number of specimens of Solenastrea fairbanksi Vaughan 1917 were collected from yellow middle-

grained sandstone at Arroyo El Peyote near to Rancho Algodones (Fig. 6; Table 1) that is mixed

with coquina and whole and fragmented marine mollusks. The age of the formation is not well con-

strained (Fletcher et al. 2003). Based on molluscan affinities (Smith 1991b.) and its conformable

contact with the Trinidad Formation (Martínez-Gutiérrez and Sethi 1997; Pérez-López 2002), the

unit is considered as early Pliocene. A more detailed analysis regarding the stratigraphic setting of

the collecting localities is provided by Martínez-Gutiérrez and Sethi (1997), and Pérez-López

(2002).

PLEISTOCENE UNITS.— A large number of Pleistocene reefs and flat-lying marine terraces of

variable extension, from which coral taxa were collected, are distributed from Punta Chivato to

Cabo Pulmo (Figs. 3–6; Table 1). Most of the Pleistocene reefs and marine terraces have been, to

some extent, carefully described in the literature (Durham 1950; Squires 1959; Ashby et al. 1987;

Ortlieb 1991; Sirkin et al. 1990; Libbey and Johnson 1997; Ransom 2000; Johnson and Ledesma-

Vázquez 1999, 2001; Ledesma-Vázquez and Johnson 2001; Mayer et al. 2002; Muhs et al. 1994,

2002; DeDiego-Forbis et al. 2004; Johnson et al. 2007) and no further detail in stratigraphy or age

is added.

METHODS

SAMPLING.— Data were collected during four field expeditions to the Baja California penin-

sula in June-August 2002, January 2003, June-July 2003, and January 2005. For each coral-bear-

ing unit under study, 1m2 (1×1m) quadrats were systematically sampled. All quadrats were ran-

domly placed in each coral-bearing stratigraphic horizon and all coral species within the quadrat

were recorded. Specimen collection followed two approaches at each locality: (1) within each
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FIGURE 5. Collecting localities (•) at Timbabichi, Isla San José and Las Animas in the Gulf of California, northwest-

ern México. Detailed information about each locality is listed in Table 1. Adapted from DeDiego-Forbis et al. (2004).
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FIGURE 6. Collecting localities (•) at La Ventana and the San José del Cabo area in the Gulf of California, northwest-

ern México. Detailed information about each locality is listed in Table 1. Adopted from Martínez-Gutiérrez and Sethi

(1997).



quadrat, individual coral specimens were extracted from the face of the outcrop and (2) direct col-

lection of unrecorded species during a thorough search of the locality. 

DATA ANALYSIS.— Species were identified by taking measurements directly on specimens and

by analyzing the data following a rigorous morphometric protocol designed to detect distinct mor-

phologic entities through geologic time (Budd and Coates 1992; López-Pérez et al. 2003). In gen-

eral, specimens were identified and distinguished following a suite of geometric morphometric and

traditional morphometric analysis, comparing fossil and modern specimens previously obtained

from the Gulf of California (Durham 1950; Durham and Barnard 1952; Squires 1959), eastern

Pacific (Reyes-Bonilla et al. 2005) and the Caribbean (Budd 1991; Budd et al. 1994; Budd and

Johnson 1999). Species names were assigned to morphologic subgroups by quantitative compari-

son with holotypes of formally described species from the late Miocene to Recent Gulf of Califor-

nia, eastern Pacific, Indo-Pacific and Caribbean region. However, in cases where qualitative groups

consist of fewer specimens, or when there is a lack of reliable calical structures and/or because

structures are not available in large enough quantity to distinguish species using a statistical popu-

lation approach, the subgroups were identified by qualitative comparison with previously described

fossil and Recent species. Some identifications have been left in open nomenclature pending the

formal taxonomic publication of the systematic work.

RESULTS AND DISCUSSION

Twenty-three coral species were identified in Gulf of California fossil outcrops. Collections

from the late Miocene Imperial Formation, the early Pliocene San Marcos Formation, the middle

to late Pliocene Carmen Formation and the Pleistocene, Gulf of California, Mexico, have yielded

four undescribed species Siderastrea sp., cf. Placosmilia sp., Favia sp. 1., and Favia sp. 2, and first

time occurrences of the previously described Pocillopora damicornis, P. verrucosa, P. meandrina,

Gardineroseris planulata, Pavona clavus, Porites lobata, Diploria sarasotana and Dichocoenia
eminens.

Twelve out of 23 species are extant and 11 are extinct. The extant fauna is composed of Pocil-
lopora damicornis, Pocillopora capitata, Porites panamensis, Porites lobata and Pavona gigantea
Verrill 1869 considered among the major reef builder species in the Gulf of California, and Mexi-

can and eastern Pacific communities (Reyes-Bonilla and López-Pérez 1998; Glynn and Ault 2000;

Reyes-Bonilla et al. 2005); the restricted but common Gardineroseris planulata, Psammocora stel-
lata (Verrill 1866), Pavona clavus, and the endemic Porites sverdrupi Durham 1947. The extinct

fauna is composed of Solenastrea fairbanksi, Porites carrizensis, Dichocoenia merriami, Diploria
bowersi (Vaughan 1917) and Siderastrea mendenhalli Vaughan 1917 previously reported from the

Imperial Formation, Isla Tiburon, Punta Chivato and Isla María Madre (López-Pérez, 2005); the

corals Dichocoenia eminens from the early Pliocene-early Pleistocene on the northern Caribbean,

and Diphoria sarasotana from the early-late Pliocene, Tamiami Formation of Sarasota, Florida also

in the northern Caribbean, and four species identified in the collections as cf. Placosmilia sp.,

Siderastrea sp., and two species of Favia, which will be described and named elsewhere.

Eight out of 23 species are temporally restricted to one location. Of these, four are restricted

to early and middle to late Pliocene, one to middle Pleistocene and the rest to the late Pleistocene

(Table 1). Nonetheless, restricted Pocillopora meandrina, and Pocillopora verrucosa also occur in

the Recent of the Mexican Pacific, whereas Diploria sarasotana and Dichocoenia eminens also

occur in the Pliocene of the Caribbean (http://nmita.geology.uiowa.edu). On the contrary, previous-

ly described Porites carrizensis, Diploria bowersi, Solenastrea fairbanksi and Dichocoenia merri-
ami once considered restricted to the late Miocene Imperial Formation, Isla Tiburon and Isla Maria
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Madre (Vaughan 1917; Jordan and Hertlein 1926; Hertlein and Emerson 1959; Simian and John-

son 1997; Gastil et al. 1999) are much more spatio-temporally distributed than previously thought

(Table 1). For example, P. carrizensis was reported from the late Miocene-early Pliocene Imperial

Formation of south-central California (Vaughan 1917); nonetheless it was recorded in the early

Pliocene San Marcos Formation of Puerto de la Lancha, Punta Chivato and Ensenada El Muerto,

middle Pliocene Carmen Formation of Isla Montserrat and late Pliocene Carmen Formation of Las

Barracas (Table 1).

Particularly important is the presence of Gardineroseris planulata and Porites lobata on fos-

sil outcrops of the Baja California peninsula area. Gardineroseris planulata contributed largely to

reef formation during the middle Pleistocene at La Ventana; whereas Porites lobata reached Cabo

Pulmo near the mouth of the Gulf during the late Pleistocene, nonetheless both species disappeared

afterwards from the area. As a fossil, Gardineroseris planulata and Porites lobata occurred else-

where in the late Miocene to Pleistocene of the Caribbean (Stemann 1991) and Indo-Pacific (Veron

and Kelley 1988), but doubtfully in the eastern Pacific (Lopez-Perez 2005, but see Colgan 1990).

Today, the closest positive record of Gardineroseris planulata is at the Bahías de Huatulco, Oaxa-

ca in western Mexico (Leyte-Morales 1995) and in Central America (Cortés and Jiménez 2003) in

the eastern Pacific, and from the Indian Ocean and Red Sea to the Central Pacific (Veron 2000);

whereas Porites lobata is a widely distributed Indo-Pacific species recorded at Bahía de Banderas,

Nayarit (Reyes-Bonilla et al. 1999) and Ixtapa-Zihuatanejo, Guerrero (Reyes-Bonilla et al. 2005)

in western Mexico, and in Central America (Cortés and Jiménez 2003). In this regard, since both

species were eliminated from the Baja California peninsula and no living representatives of the

species have ever been reported from the area (Reyes-Bonilla et al. 2005), it can be considered as

the first documented failed colonization of an Indo-Pacific species in the eastern Pacific.

Similarly, it is worth commenting on the occurrence of Pocillopora capitata. The species was

first recorded in the Pleistocene of Isla Carmen, Isla Montserrat and Timbabichi (San Telmo Point)

(Durham 1950), but the present work pushed back the record to the middle to upper Pliocene undif-

ferentiated Carmen/Marquer Formation at Isla Carmen. The species was then spatially restricted to

several Isla Coronados terraces (Table 1) but flourished all over the Gulf of California by the late

Pleistocene. In the same way, the oldest record of Porites panamensis occurred in the Lower

Pliocene San Marcos Formation at Ensenada El Muerto in the Punta Chivato area and at Puerto de

La Lancha on Isla Carmen (Table 1), where relatively small but abundant massive and ramose

colonies contributed to the community structure; afterwards, the species achieved a wide spatio-

temporal distribution in the Gulf and formed monospecific reefs and constructions of variable com-

binations with relatively few species, nevertheless always dominated by Porites panamensis
(Durham 1950, López-Pérez 2005, Johnson et al. 2007). From middle to late Pleistocene time, the

relative importance of Indo-Pacific immigrants increased, but not until the Recent time were taxa

other than Porites panamensis able to contribute in approximately the same amount to the reef con-

struction in Gulf localities (Reyes-Bonilla and López-Pérez 1998; Reyes-Bonilla et al. 2002), and

to overcome Porites panamensis elsewhere in Mexico and the eastern Pacific (Glynn and Welling-

ton 1983, Glynn and Ault 2000, Reyes-Bonilla 2003; López-Pérez and Hernández-Ballesteros

2004).

The oldest occurrence of any Indo-Pacific species in the eastern Pacific corresponds to Pocil-
lopora eydouxi Milne Edwards and Haime 1860 recorded by Palmer (1928) in late Pleistocene out-

crops of Puerto Escondido, Oaxaca, Mexico, and Psammocora stellata and Pocillopora elegans
Dana 1846 recorded by Durham (1950) also in late Pleistocene outcrops of Isla Coronados, Isla

Carmena and Isla Montserrat. Nonetheless, recorded at La Ventana at the entrance of the Gulf of

California (Fig. 1; Table 1) in outcrops dated by Sirkin et al. (1990) older than 0.3 million years,
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and at Isla Coronados in outcrops dated by Johnson et al. (2007) as having 121,000 years, Pavona
clavus deserves being mentioned as the first documented Indo-Pacific immigrant to mainland

America and the first fossil record of the species in the eastern Pacific. Outside the Gulf of Cali-

fornia, the species occurs in the Miocene of Nias, Plio-Pleistocene of Ceram and in the Pleistocene

of Java, Sumatra, Nias and New Caledonia in Southeast Asia (Veron and Kelley 1988). In México,

it occurs in the Recent of Jalisco, Colima, Oaxaca (Reyes-Bonilla and López-Pérez 1998) and Islas

Revillagigedo (Ketchum and Reyes-Bonilla 2001). It also occurs in Costa Rica, Panamá, Colom-

bia, Ecuador and Clipperton Atoll (Reyes-Bonilla 2002). Outside of the eastern Pacific, it ranges

from the Red Sea to the Central Pacific (Veron 2000). In addition, data suggests that after the

arrival of P. clavus at La Ventana some time earlier during the Pleistocene, transpacific coloniza-

tion became a common and relatively successful event.

Finally, in the future the odds that additional scleractinian fossil species will be described or

discovered in the Gulf of California and/or eastern Pacific are high. Considering that 75% of the

16 hermatypic species in the Gulf of California, and just 27% of 44 eastern Pacific species (Reyes-

Bonilla 2002) have fossil records, the probability to add fossil species to those presented here is

high. Analysis using randomly resampled cumulative species curves performed by López-Pérez

and Budd (in press) demonstrated that that species did not reach saturation in the Baja California

Peninsula area, suggesting that additional collecting, especially within Upper Miocene and Lower

Pliocene strata, is likely to result in the discovery of new taxa, especially after the inspection of

new exposures from a wide range of environmental settings.

ACKNOWLEDGMENTS

I would like to thank Ann F. Budd (University of Iowa), Hector Reyes and Gerardo Barba

(UABCS), Jorge Ledesma (UABC), Markes Johnson and Dave Bakus (Williams College), Ken

Johnson (NHM London) and Stephen Cairns (Smithsonian) for providing field and museum sup-

port and contagious passion for paleontological studies. The author was supported by a CONACyT

doctoral fellowship, the Geological Society of America and the Max and Lorraine Littlefield Fund

from the University of Iowa. Maitreyi and Balam Lopez made comments about preliminary ver-

sions of the manuscript.

REFERENCES

ANDERSON, C.A. 1950. 1940 E.W. Scripps cruise to the Gulf of California. Part I. Geology of islands and

neighboring land areas. Geological Society of America Memoir 43:1–53.

ANONYMOUS. 1924. Informe sobre la exploración geológica de la Baja California, por la “Marland Oil Com-

pany of México.” Boletín del Petróleo 17:417–453.

ASHBY, J.R., T.L. KU, AND J.A. MINCH. 1987. Uranium series ages of corals from the upper Pleistocene Mulege

terrace, Baja California Sur, México. Geology 15:139–141.

BUDD, A.F. 1991. Neogene paleontolgy in the northern Dominican Republic. 11. The Family Faviidae (Antho-

zoa: Scleractinia). Part I. The Genera Montastraea and Solenastrea. Bulletins of American Paleontology
101:5–83.

BUDD, A.F., AND A.G. COATES. 1992. Non-progressive evolution in a clade of Cretaceous Montastraea-like

corals. Paleobiology, 18:425–446.

BUDD, A.F., AND K.G. JOHNSON. 1999. Neogene paleontolgy in the northern Dominican Republic. 19. The

Family Faviidae (Anthozoa: Scleractinia). Part II. The Genera Caulastrea, Favia, Diploria, Thysanus,

Hadrophyllia, Manicina, and Colpophyllia. Bulletins of American Paleontology 356:1–83.

BUDD, A.F., T.A. STEMANN, AND K.G. JOHNSON. 1994. Stratigraphic distributions of genera and species of Neo-

gene to Recent Caribbean reef corals. Journal of Paleontology 68:951–977.

516 PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES

Series 4, Volume 59, No. 12



COLGAN, M.W. 1990. El Niño and the history of Eastern Pacific reef building. Pages 183–232 in P.W. Glynn,

ed., Global Ecological Consequences of the 1982–83 El Niño-Southern Oscillation. Elsevier, Amsterdam,

Netherlands.

CORTÉS, J., AND C. JIMENEZ. 2003. Corals and coral reefs of the Pacific coast of Costa Rica: history, research

and status. Pages 361–385 in J. Cortés, ed., Latin American Coral Reefs. Elsevier, Amsterdam, Nether-

lands.

DEDIEGO-FORBIS, T., R. DOUGLAS, D. GORSLINE, E. NAVA-SANCHEZ, L. MACK, AND J. BANNER. 2004. Late

Pleistocene (Last Interglacial) terrace deposits, Bahía Coyote, Baja California Sur, México. Quaternary
International 120:29–40.

DORSEY, R.J., P.J. UMHOEFER, J.C. INGLE, AND L. MAYER. 2001. Late Miocene to Pliocene stratigraphic evolu-

tion of northeast Isla Carmen, Gulf of California: implications for oblique-rifting tectonics. Sedimentary
Geology 144:97–123.

DURHAM, J.W. 1947. Corals from the Gulf of California and the north Pacific coast of America. Geological
Society of America Memoir 20:1–68.

DURHAM, J.W. 1950. 1940 E.W. Scripps cruise to the Gulf of California. Part II. Megascopic paleontology and

marine stratigraphy. Geological Society of America Memoir 43:1–216.

DURHAM, J.W., AND J.L. BARNARD, J.L. 1952. Stony Corals of the Eastern Pacific Collected by the Velero III

and Velero IV. Allan Hancock Pacific Expedition, vol. 16. University of Southern California Press, Los

Angeles, California, USA. 110 pp.

EBERLY, L.D., AND T.B. STANLEY, JR. 1978. Cenozoic stratigraphy and geologic history of southwestern Ari-

zona. Geological Society of America Bulletin 89:921–940.

EMERSON, W.K. 1960. Results of the Puritan-American Museum of Natural History expedition to Western

México 11. Pleistocene invertebrates from Ceralvo Island. American Museum Novitates (1995):1–6.

EMERSON, W.K., AND L.G. HERTLEIN. 1964. Invertebrate megafossils of the Belvedere expedition to the Gulf

of California. Transactions of the San Diego Society of Natural History 13:333–368.

FLETCHER, J.M., J.A. PEREZ-VENZOR, G. GONZALEZ-BARBA, AND J.J. ARANDA-GOMEZ. 2003. Ridge-trench

interactions and the ongoing capture of the Baja California microplate-new insights from the southern Gulf

extensional province. Pages 13–31 in Geologic transects across Cordilleran México, Guidebook Geolog-
ical Society of America Cordilleran Section, Annual Meeting, 2003, Puerto Vallarta, Jalisco. Universidad

Nacional Autónoma de México, Instituto de Geología, Publicación Especial 1.

FOSTER, A.B. 1979. Environmental variation in a fossil scleractinian coral. Lethaia 12:245–264.

FOSTER, A.B. 1980. Ecology and morphology of the Caribbean Mio-Pliocene reef-coral Siderastrea. Acta
Palaeontologica Polonica 25:439–450.

GASTIL, R.G., J. NEUHAUS, M. CASSIDY, J.T. SMITH, J.C. INGLE, AND D. KRUMMENACHER. 1999. Geology and

paleontology of southwestern Isla Tiburón, Sonora, México. Revista Mexicana de Ciencias Geológicas
16:1–34.

GLYNN, P.W., AND J.S. AULT. 2000. A biogeographic analysis and review of the Far Eastern Pacific coral reef

region. Coral Reefs 19:1–23.

GLYNN, P.W., AND G. M. WELLINGTON. 1983. Corals and Coral Reefs of the Galápagos Islands. University of

California Press, Berkeley, California, USA. 330 pp.

HANNA, GD. 1926. Paleontology of Coyote Mountain, Imperial County, California. Proceedings of the Cali-
fornia Academy of Sciences ser. 4, 14(18):427–503.

HERTLEIN, L.G. 1957. Pliocene and Pleistocene fossils from the southern portion of the Gulf of California. Bul-
letin of Southern California Academy of Sciences 56:57–75.

HERTLEIN, L.G. 1966. Pliocene fossils from Rancho El Refugio, Baja California, and Cerralvo Island, Méxi-

co. Proceedings of the California Academy of Sciences, ser. 4, 30(14):265–284.

HERTLEIN, L.G. 1972. Pliocene fossils from Baltra (South Seymour) Island, Galapagos Islands. Proceedings of
the California Academy of Sciences, ser. 4, 39(3):25–46.

HERTLEIN, L.G., AND W.K. EMERSON. 1959. Results of the Puritan-American Museum of Natural History Expe-

dition to western México. 5. Pliocene and Pleistocene megafossils from Tres Marías Islands. American
Museum Novitates (1940):1–15.

LÓPEZ PÉREZ: FOSSIL CORALS FROM THE GULF OF CALIFORNIA, MÉXICO 517



JOHNSON, M.E., AND J. LEDESMA-VÁZQUEZ. 1999. Biological zonation on a rocky-shore boulder deposit:

Upper Pleistocene Bahía San Antonio (Baja California Sur, México). Palaios 14:569–584.

JOHNSON, M.E., AND J. LEDESMA-VÁZQUEZ. 2001. Pliocene-Pleistocene rocky shorelines trace coastal devel-

opment of Bahía Concepción, gulf coast of Baja California Sur (México). Palaeogeography, Palaeoclima-
tology, Palaeoecology 166:65–88.

JOHNSON, M.E., R.A. LOPEZ PEREZ, C.R. RANSOM, AND J. LEDESMA-VÁZQUEZ. 2007. Late Pleistocene coral-

reef development on Isla Coronados, Gulf of California. Ciencias Marinas 33:1–16.

JORDAN, E.K., AND L.G. HERTLEIN. 1926. Expedition to the Revillagigedo Islands México, in 1925, IV. Pro-
ceedings of the California Academy of Sciences, ser. 4, 14(15):209–217.

KETCHUM, J.T., AND H. REYES-BONILLA. 2001. Taxonomía y distribución de los corales hermatípicos (Sclerac-

tinia) del Archipiélago de Revillagigedo, Pacífico de México. Revista de Biología Tropical 49:803–848.

KIDWELL, S.M. 1988. Taphonomic comparison of passive and active continental margins: Neogene shell beds

of the Atlantic Coast Plain and northern Gulf of California. Palaeogeography, Palaeoclimatology, Palaeo-
ecology 63:201–223.

LEDESMA-VÁZQUEZ, J. 2002. A gap in the Pliocene invasion of seawater to the Gulf of California. Revista Mex-
icana de Ciencias Geológicas 19:145–151.

LEDESMA-VÁZQUEZ, J., AND M.E. JONSON. 2001. Miocene-Pleistocene tectono-sedimentary evolution of Bahía

Concepción region, Baja California Sur (México). Sedimentary Geology 144:83–96.

LEYTE-MORALES, G.E. 1995. Primer registro de Gardineroseris planulata (Dana, 1846) (Anthozoa: Sclerac-

tinia) en México. XIII Congresp Nacional de Zoología, Morelia 1:162–163.

LIBBEY, K.L., AND M.E. JOHNSON. 1997. Upper Pleistocene rocky shores and intertidal biotas at Playa La Pal-

mita (Baja California Sur, México). Journal of Coastal Research 13:216–255.

LÓPEZ-PÉREZ, R.A. 2005. The Cenozoic hermatypic corals in the eastern Pacific: history of research. Earth-
Science Reviews 72:67–87.

LÓPEZ-PÉREZ, R.A., AND A.F. BUDD. (In press.) Coral diversification in the Gulf of California during Late

Miocene to Pleistocene time. In M.E. Johnson and J. Ledesma-Vázquez, eds., Atlas of Coastal Ecosystems
in the Gulf of California: Past and Present. University of Arizona Press, Tucson, Arizona, USA.

LÓPEZ-PÉREZ, R.A., AND L.M. HERNÁNDEZ-BALLESTEROS. 2004. Coral community structure and dynamics in

the Huatulco area, western Mexico. Bulletin of Marine Science 75:453–472.

LÓPEZ-PÉREZ, R.A., H. REYES-BONILLA, A.F. BUDD, AND F. CORREA-SANDOVAL. 2003. The taxonomic status of

Porites sverdrupi, an endemic coral of the Gulf of California. Ciencias Marinas 29:677–691.

MARTINEZ-GUTIERREZ, G., AND P.S. SETHI. 1997. Miocene-Pleistocene sediments within the San José del Cabo

Basin. Pages 25–38 in M.E. Johnson and J. Ledesma-Vázquez, eds., Pliocene carbonates and related
facies flanking the Gulf of California, Baja California, México. Geological Society of America Special

Paper 318. Geological Society of America, Boulder, Colorado, USA. 171 pp.

MAYER, L., P.J. UMHOEFER, L. MACY, R.J. DORSEY, D.S. KAUFMAN, AND K.R. SIMMONS. 2002. Ages and uplift

rates of marine terraces near Loreto and on Isla Carmen, Baja California Sur. VI International Meeting on
the Geology of the Baja California Peninsula, La Paz 1:59–60.

MCDOUGALL, K., R.Z. POORE, AND J. MATTI. 1999. Age and paleoenvironment of the Imperial Formation near

San Gorgonio Pass, southern California. Journal of Foraminiferal Research 29:4–25.

MCFALL, C.C. 1968. Reconnaissance geology of the Concepcion Bay area, Baja California, México. Stanford
University Publications on Geological Science 10:1–25.

MUHS, D.R., G.L. KENNEDY, AND T.K. ROCKWELL. 1994. Uranium-series ages of marine terrace corals from

the Pacific coast of North America and implications for last-Interglacial sea level history. Quaternary
Research 42:72–87.

MUHS, D.R., K.R. SIMMONS, G.L. KENNEDY, AND T.K. ROCKWELL. 2002. The last interglacial period on the

Pacific coast of North America: timing and paleoclimate. Geological Society of America Bulletin 114:

569–592.

NATLAND, M.L. 1950. 1940 E.W. Scripps cruise to the Gulf of California. Part IV. Report on the Pleistocene

and Pliocene foraminifera. Geological Society of America Memoir 43:1–55.

ORTLIEB, L. 1991. Quaternary vertical movement along the coast of Baja California and Sonora. Pages

518 PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES

Series 4, Volume 59, No. 12



447–480 in J.P. Dauphin and B.R.T. Simoneit, eds., The Gulf and PeninsularProvinces of the Californias.
American Association of Petroleum Geologists, Memoir 47. AAPG, Tulsa, Oklahoma, USA.

PALMER, R.H. 1928. Fossils and Recent corals and coral reefs of western México. Proceedings of the Ameri-
can Philosophical Society 67:21–37.

PANDOLFI, J.M. 1996. Limited membership in Pleistocene reef coral assemblages from the Huon Peninsula,

Papua New guinea: constancy during global change. Paleobiology 22:152–176.

PÉREZ-LÓPEZ, O.F. 2002. Caracterización paleontológica de bivalvos y gasterópodos (Mollusca), en cinco
localides de la Formación El Refugio (Plioceno), Baja California Sur, México. B.Sc. dissertation, Univer-

sidad Autónoma de Baja California Sur, La Paz, México. 150 pp.

RANSOM, C.R. 2000. Paleoecology of Upper Pleistocene coral reefs based on morphology and fossil assem-

blages, Baja California Sur, México. V International Meeting on the Geology of the Baja California Penin-
sula, Loreto 1:36–37.

REYES-BONILLA, H. 2002. Checklist of valid names and synonyms of stony corals (Anthozoa: Scleractinia)

from the Eastern Pacific. Journal of Natural History 36:1–13.

REYES-BONILLA, H. 2003. Coral reefs of the Pacific coast of México. Pages 331-349 in J. Cortés, ed., Latin
American Coral Reefs. Elsevier, Amsterdam, Netherlands.

REYES-BONILLA H., AND R.A. LÓPEZ-PÉREZ. 1998. Biogeography of the stony corals (Scleractinia) of the Mex-

ican Pacific. Ciencias Marinas 24:211–224.

REYES-BONILLA, H., J.D. CARRIQUIRY, G.E. LEYTE-MORALES, AND A.L. CUPUL-MAGNA. 2002. Effects of the El

Niño-Southern Oscillation and the anti-El Niño event (1997–1999) on coral reefs of the west coast of Méx-

ico. Coral Reefs 21:368–372.

REYES-BONILLA, H., T.L. PEREZ-VIVAR, AND J.T. KETCHUM-MAJIA. 1999. Distribución geográfica y depreda-

ción de Porites lobata (Anthozoa: Scleractinia) en la costa occidental de México. Revista de Biologia Tro-
pical 47:273–279.

REYES-BONILLA, H., L.E. CALDERON-AGUILERA, G. CRUZ PIÑON, P. MEDINA-ROSAS, R.A. LÓPEZ-PÉREZ, M.D.

HERRERO-PÉREZRUL, G.E. LEYTE-MORALES, A.L. CUPUL-MAGAÑA, AND J.D. CARRIQUIRY-BELTRÁN. 2005.

Atlas de los corales pétreos (Anthozoa: Scleractinia) del Pacífico Mexicano. Conabio, Guadalajara, Méx-

ico. 128 pp.

SIMIAN, M.E., AND M.E. JOHNSON. 1997. Development and foundering of the Pliocene Santa Ines Archipela-

go in the Gulf of California: Baja California Sur, México. Pages 25–38 in M.E. Johnson and J. Ledesma-

Vázquez, eds., Pliocene Carbonates and Related Facies Flanking the Gulf of California, Baja California,
México. Geological Society of America Special Paper 318. Boulder, Colorado, USA.

SIRKIN, L., B.J. SZABO, G.A. PADILLA, S.A. PEDRIN, AND E.R. DIAZ. 1990. Uranium-series ages of marine terra-

ces, La Paz Peninsula, Baja California Sur, México. Coral Reefs 9:25–30.

SMITH, J.T. 1991a. Cenozoic giant pectinids from California and the Tertiary Caribbean Province: Lyropecten,

“Macrochlamis,” Veripecten, and Nodipecten species. United States Geological Survey Professional Paper
1391. 155 pp.

SMITH, J.T. 1991b. Cenozoic marine mollusks and paleogeography of the Gulf of California. Pages 637–666

in J.P. Dauphin and B.R.T. Simoneit, eds., The Gulf and Peninsular Province of the Californias. American

Association of Petroleum Geologists, Memoir, 47. AAPG, Tulsca, Oklahoma, USA.

SQUIRES, D.R. 1959. Results of the Puritan-American Museum of Natural History expedition to western Méx-

ico. 7 Corals and coral reefs in the Gulf of California. Bulletin of the American Museum of Natural Histo-
ry 118:370–431.

STEMANN, T.A. 1991. Evolution of the Reef Coral Family Agariciidae (Anthozoa: Scleractinia) in the Neogene
through Recent of the Caribbean. Ph.D. dissertation. University of Iowa, Iowa City, Iowa, USA. 321 pp.

VAUGHAN T.W. 1917. The coral reef fauna of Carrizo Creek, Imperial County, California, and its significance.

United States Geological Survey Professional Paper 98:355–386.

VERON, J.E.N., AND R. KELLEY. 1988. Species stability in reef corals of Papua New Guinea and the Indo-Pacif-

ic. Memoir of the Association of Australasian Palaeontologist 6:1–69.

WATKINS, R. 1990. Paleoecology of Pliocene rocky shoreline, Salton Trough region, California. Palaios
5:167–175.

LÓPEZ PÉREZ: FOSSIL CORALS FROM THE GULF OF CALIFORNIA, MÉXICO 519

Copyright © 2008 by the California Academy of Sciences

San Francisco, California, U.S.A.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /AachenBT-Roman
    /ABIGAIL-Normal
    /AdLibBT-Regular
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Alba
    /AlbaMatter
    /AlbaSuper
    /Albertus-ExtraBold
    /Albertus-Medium
    /AlbertusMT
    /AlbertusMT-Italic
    /AlbertusMT-Light
    /Algerian
    /AlternateGothicNo2BT-Regular
    /AmazoneBT-Regular
    /AmericanaBT-Italic
    /Amienne
    /Amienne-Bold
    /AntiqueOlive
    /AntiqueOlive-Bold
    /AntiqueOlive-Compact
    /AntiqueOlive-Italic
    /AntiqueOlive-Roman
    /Apple-Chancery
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /Arnprior
    /AuroraBT-RomanCondensed
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /BabyKruffy
    /BalloonBT-ExtraBold
    /BaskOldFace
    /Batang
    /BatangChe
    /BatikRegular
    /Bauhaus93
    /Baveuse
    /BazookaRegular
    /BellCentennialBT-BoldListing
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Book
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /Berylium
    /Berylium-BoldItalic
    /Biondi
    /Biondi-Light
    /BlackadderITC-Regular
    /Blackletter686BT-Regular
    /BlueHighway
    /BlueHighway-Bold
    /BlueHighwayCondensed
    /BlueHighwayDType
    /BlueHighwayLinocut
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Book
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Boopee
    /Boopee-Bold
    /BoulderRegular
    /BRADDON
    /BRADDONBold
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /Brush445BT-Regular
    /BrushScriptMT
    /BurnstownDam
    /Byington
    /Byington-Bold
    /Byington-Italic
    /CACFuturaCasual
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /CalligrapherRegular
    /Calligraphic421BT-RomanB
    /CAMPBELL
    /Candid
    /CarbonBlock
    /Castellar
    /Catriel
    /Catriel-Bold
    /Catriel-BoldItalic
    /Catriel-Italic
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGTimes
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /ChaucerRegular
    /Chicago
    /Chick
    /Chiller-Regular
    /CLARENCE-Normal
    /Clarendon
    /Clarendon-Bold
    /Clarendon-Condensed-Bold
    /Clarendon-Light
    /CloisterBlackBT-Regular
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommonBullets
    /CompactaBT-Roman
    /CooperBlack
    /CooperBlack-Italic
    /CopperplateGothic-Bold
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Copperplate-ThirtyTwoBC
    /Cornerstone
    /Coronet
    /Coronet-Regular
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CreditValley
    /CreditValley-Bold
    /CreditValley-BoldItalic
    /CreditValley-Italic
    /Croobie
    /Cuckoo
    /CurlzMT
    /DauphinPlain
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /DeVinneBT-Italic
    /DeVinneBT-Roman
    /Dotum
    /DotumChe
    /EarwigFactory
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EmbassyBT-Regular
    /English111PrestoBT-Regular
    /EngraversMT
    /EngraversOldEnglishBT-Bold
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ESRIOilGasWater
    /ESRIWeather
    /EstrangeloEdessa
    /EuphorigenicS
    /Eurostile
    /Eurostile-Bold
    /Eurostile-BoldExtendedTwo
    /Eurostile-ExtendedTwo
    /Exotic350BT-Bold
    /Fat
    /FelixTitlingMT
    /FELTPOINT
    /FELTPOINT-Normal
    /FigaroMT
    /FiolexGirls
    /FIRSTHOME
    /FIRSTHOMEBold
    /Flareserif821BT-Roman
    /FolioBT-Bold
    /FolioBT-Book
    /FolioBT-ExtraBold
    /FootlightMTLight
    /Formal436BT-Regular
    /ForteMT
    /Franciscan
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /Freeform721BT-Black
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /French111BT-Regular
    /FrenchScriptMT
    /Freshbot
    /Frosty
    /FuturaBT-BoldCondensed
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-Heavy
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Gautami
    /Geneva
    /GENUINE
    /GENUINEItalic
    /Geometric231BT-BoldC
    /Geometric231BT-HeavyC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-XtraBold
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GlooGun
    /GloucesterMT-ExtraCondensed
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /Goudy-ExtraBold
    /GoudyHandtooledBT-Regular
    /Goudy-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HANA
    /HANABold
    /HANA-Normal
    /HankBT-Roman
    /HarlowSolid
    /Harrington
    /HeatherRegular
    /HeavyHeap
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HoeflerText-Black
    /HoeflerText-BlackItalic
    /HoeflerText-Italic
    /HoeflerText-Ornaments
    /HoeflerText-Regular
    /HUNTSON
    /HurryUp
    /HuxleyVerticalBT-Regular
    /Huxtable
    /Impact
    /ImpressBT-Regular
    /ImprintMT-Shadow
    /Incised901BT-Black
    /Incised901BT-Bold
    /Incised901BT-Italic
    /Incised901BT-Light
    /Incised901BT-NordItalic
    /Incised901BT-Roman
    /Informal
    /Informal011BT-Roman
    /InformalRoman-Regular
    /IRIS
    /JACKIE
    /Jenkinsv20
    /Jenkinsv20Thik
    /JesterRegular
    /JoannaMT
    /JoannaMT-Bold
    /JoannaMT-BoldItalic
    /JoannaMT-Italic
    /Jokerman-Regular
    /Jokewood
    /JuiceITC-Regular
    /Kartika
    /KENDRIC
    /KENDRICBold
    /KisBT-Roman
    /Kredit
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldSlanted
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /Ligurino
    /Ligurino-Bold
    /LigurinoCondensed
    /Ligurino-Italic
    /LiorahBT-Regular
    /LIVINGWELL-Normal
    /LongIsland
    /LubalinGraph-Book
    /LubalinGraph-BookOblique
    /LubalinGraph-Demi
    /LubalinGraph-DemiOblique
    /LuciaBT-Regular
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /LydianBT-Bold
    /LydianBT-BoldItalic
    /LydianBT-Italic
    /LydianBT-Roman
    /LYNN
    /LYNNBold
    /LYNNItalic
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /Marigold
    /Market
    /MARKETPRO-Normal
    /MaturaMTScriptCapitals
    /MAXIMO
    /MAXIMOBold
    /MAXIMO-Normal
    /MelanieBT-Roman
    /MicrosoftSansSerif
    /MingLiU
    /MinyaNouvelle
    /MinyaNouvelleBold
    /MinyaNouvelleBoldItalic
    /MinyaNouvelleItalic
    /MissyBT-Roman
    /MisterEarlBT-Regular
    /Mistral
    /MODERNART-Normal
    /Modern-Regular
    /Monaco
    /MonaLisa-Recut
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MS-UIGothic
    /MT-Extra
    /Mufferaw
    /MVBoli
    /Neuropol
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewYork
    /NewZurica
    /NewZuricaBold
    /NewZuricaItalic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /NuptialBT-Regular
    /Occidental
    /OCRAExtended
    /OldCentury
    /OldEnglishTextMT
    /OldgateLaneOutline
    /OLIVEOIL
    /Onyx
    /OnyxBT-Regular
    /Optima
    /Optima-Bold
    /Optima-BoldItalic
    /Optima-Italic
    /Orlando
    /Oxford
    /PAINTSTROKE-Normal
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Pegasus
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Pica10PitchBT-Roman
    /Pickwick
    /PlanetBenson2
    /Playbill
    /PMingLiU
    /Poornut
    /PoorRichard-Regular
    /Porkys
    /PorkysHeavy
    /Poster
    /PressWriterSymbols
    /Pristina-Regular
    /Pupcat
    /PussycatSassy
    /PussycatSnickers
    /Pythagoras
    /QuigleyWiggly
    /Raavi
    /RageItalic
    /Ravie
    /ReservoirGrunge
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanaBT-Roman
    /RyanBT-Heavy
    /Sceptre
    /ScriptMTBold
    /SherwoodRegular
    /ShowcardGothic-Reg
    /Shruti
    /Signboard
    /SimHei
    /SimSun
    /SnapITC-Regular
    /SnowCapBT-Regular
    /Socket
    /SouvenirITCbyBT-Light
    /SprocketBT-Regular
    /Staccato555BT-RegularA
    /SteamerRegular
    /StempelGaramond-Bold
    /StempelGaramond-BoldItalic
    /StempelGaramond-Italic
    /StempelGaramond-Roman
    /Stencil
    /Stereofidelic
    /Storybook
    /SubwayRegular
    /SybilGreen
    /Sylfaen
    /Symbol
    /SymbolMT
    /Taffy
    /Tahoma
    /Tahoma-Bold
    /Tandelle
    /Tandelle-Bold
    /Tandelle-BoldItalic
    /Tandelle-Italic
    /TangoBT-Regular
    /Teen
    /Teen-Bold
    /Teen-BoldItalic
    /Teen-Italic
    /TeenLight
    /TeenLight-Italic
    /Teletype
    /TempusSansITC
    /ThunderbirdBT-Regular
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tristan
    /TubularRegular
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /TwentiethCenturyPoster
    /TypoUprightBT-Regular
    /Unicorn
    /Univers
    /Univers-Bold
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldItalic
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-Condensed-Bold
    /Univers-Condensed-BoldItalic
    /Univers-CondensedBoldOblique
    /Univers-Condensed-Medium
    /Univers-Condensed-MediumItalic
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-Light
    /Univers-LightOblique
    /Univers-Medium
    /Univers-MediumItalic
    /Univers-Oblique
    /Vagabond
    /VAGRoundedBT-Regular
    /VelvendaCooler
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Waker
    /WarnockPro-Bold
    /WarnockPro-BoldCapt
    /WarnockPro-BoldDisp
    /WarnockPro-BoldIt
    /WarnockPro-BoldItCapt
    /WarnockPro-BoldItDisp
    /WarnockPro-BoldItSubh
    /WarnockPro-BoldSubh
    /WarnockPro-Capt
    /WarnockPro-Disp
    /WarnockPro-It
    /WarnockPro-ItCapt
    /WarnockPro-ItDisp
    /WarnockPro-ItSubh
    /WarnockPro-Light
    /WarnockPro-LightCapt
    /WarnockPro-LightDisp
    /WarnockPro-LightIt
    /WarnockPro-LightItCapt
    /WarnockPro-LightItDisp
    /WarnockPro-LightItSubh
    /WarnockPro-LightSubh
    /WarnockPro-Regular
    /WarnockPro-Semibold
    /WarnockPro-SemiboldCapt
    /WarnockPro-SemiboldDisp
    /WarnockPro-SemiboldIt
    /WarnockPro-SemiboldItCapt
    /WarnockPro-SemiboldItDisp
    /WarnockPro-SemiboldItSubh
    /WarnockPro-SemiboldSubh
    /WarnockPro-Subh
    /Webdings
    /WeddingTextBT-Regular
    /WeltronUrban
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-HebrewDavid
    /WPTypographicSymbols
    /ZapfCalligraphic801BT-Bold
    /ZapfCalligraphic801BT-Roman
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [504.000 720.000]
>> setpagedevice


