
Early Cambrian sponge spicules from the Cerro Clemente and
Cerro Rajón, Sonora, México

Acid maceration and thin section analysis of archaeocyathan limestones of the Cerro Clemente and Cerro
Rajón, Sonora, México, have yielded some of the most ancient sponge fossils reported from the North Ameri-
can Cordillera. The sponge fossils are from Unit 3 of the Puerto Blanco Formation. The fossils include one of
the earliest known specimens of Kiwetinokia WALCOTT. These new data indicate that diverse archaeocyaths and
sponges occur in close association within Lower Cambrian limestones of Sonora. The new specimen of
Kiwetinokia sp. provides evidence that geometrically complex spicules in Cambrian sponges evolved by the
fusion of simpler spicule types. These are among the earliest sponges known to have lived in reef habitats.
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INTRODUCTION

Although sponges were an important element in Cam-
brian marine communities, until now Early Cambrian
sponge spicules have rarely been reported from the North
American Cordilleran rocks, in spite of the fact that se-
veral fossil compendia have been published for the Lower
Cambrian fossils of these regions (Stewart et al., 1984;
Onken and Signor, 1988; Debrenne et al., 1989; McMe-
namin et al., 1994; Stewart and Poole, 2002). Early Cam-
brian sponges were reported from Stevens County, Wash-
ington, USA by Hampton (1979), but this report was
evidently restricted to Chancelloria sclerites. With Cam-
brian sponges beginning to play a key role in our under-
standing of the early stages of animal evolution (Botting
and Butterfield, 2005), it is important to document new
sponge occurrences from Cambrian and especially Lower
Cambrian strata.

Unit 3 of the Puerto Blanco Formation (Fm) in Sono-
ra, México, is part of a mixed clastic and carbonate plat-
form sequence that is known for its boundstones and
small reefs that are dominated by a diverse suite of
archaeocyaths (Debrenne et al., 1989). Debrenne et al.
(1989) reported sponge spicules present in an irregular
patch of lime mudstone from Unit 3 of the Puerto Blanco
Fm, in what Debrenne et al. (1989) called the Framework
Reef facies Type 1 (Debrenne et al., 1989, plate 4, fig. A).
The spicules described by Debrenne et al. (1989) do not
appear to be diagnostic for any particular type of sponge.
The only other report of Cambrian sponges from México
is Middle Cambrian possible sponge spicules that have
been reported from the Rancho Sobechi area (Stewart and
Poole, 2002).

Figure 1A shows the primary locality plotted on a
geologic map of the western edge of the Cerro Clemente.
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Geologic map and generalized stratigraphic solumn for the Cambrian sponge fossil locality. A) Geologic map showing the eastern edge of
the Cerro Clemente, Sonora. Inset map shows the location of the site (arrow) with respect to the map of México. Geologic mapping refers to bedrock
outcrops above the 500-meter contour line on the Hilario Gavilondo H12A76 topographic map (Secretaría de Programación y Presupuesto, 1980).
The fossil locality is shown as a star. Rock units on the map are as follows: Lpg, Papalote and Gamuza Formations; Lt, Tecolote Quartzite; Lc1, La
Ciénega Formation, Unit 1; Lc23, La Ciénega Formation, Units 2 and 3; �pb2, Puerto Blanco Formation, unit 2; �pb34, Puerto Blanco Formation,
Units 3 and 4. B) Stratigraphic column of the Proterozoic-Cambrian boundary interval in the Cerro Clemente, Sonora. Thickness data are from Stew-
art and Poole (2002). The fossil locality is shown as a star. PBF is an abbreviation for Puerto Blanco Formation.

FIGURE 1

Like the Cerro Rajón, the Cerro Clemente represents an
important stratigraphic section (Fig. 1B) because it repre-
sents a fossiliferous and relatively continuous section that
includes the Proterozoic-Cambrian boundary. The bound-
ary here is placed at the top of the La Ciénega Fm
(McMenamin, 1996), although other researchers have
placed the Cambrian boundary within the lower Puerto
Blanco Fm (Sour-Tovar et al., 2007). Sour-Tovar et al.
(2007) tentatively placed the Proterozoic-Cambrian
boundary within Unit 1 of the Puerto Blanco Fm, but they
did not demonstrate the presence of diagnostic Protero-
zoic fossils within the Puerto Blanco Fm. More research
is needed on this question, because biostratigraphic con-
trol is currently insufficient to resolve the exact position
of the boundary in the Sonoran sequence. In any case, the
boundary appears to be at or near the boundary between
the La Ciénega and Puerto Blanco Fms.

The fossils occur in archeocyath-Renalcis-Girvanella
boundstones and associated wackestones-packstones. The
textures of the archeocyath-Renalcis-Girvanella bound-
stones are complex, and include cavities with multiple
rind cements (Debrenne et al., 1989). Scattered sponge
spicules occur in these carbonate rocks (Fig. 2).

The primary sponge-bearing sample (1 of 12/15/82; Ce-
rro Clemente) also has abundant archaeocyaths, lingulid bra-
chiopod fragments, trilobite fragments, disarticulated echin-
oderm plates and Chancelloria sclerites. The small shelly
fossils were recovered from the limestone by acetic acid
maceration. The lime mud matrix has abundant Renalcis (a
calcareous alga that forms a fossil with a clotted texture),
and there are thick carbonate overgrowths on the archaeocy-
aths. The trilobites Nevadia orbis (MCMENAMIN) and Nevadia
ovalis MCMENAMIN both occur stratigraphically higher in the
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section within the medial clastic facies of Unit 3 of the Puer-
to Blanco Fm, indicating a lower Nevadella Zone age (Boto-
mian age) for Unit 3 of the Puerto Blanco Fm (McMenamin,
2001). All samples are deposited in the Institute of Geology
Museum (IGM), Departmento de Paleontología, Instituto de
Geología, Ciudad Universitaria, Delegacíon de Coyoacán,
04510, México, D. F.

SYSTEMATIC PALAEONTOLOGY

Phylum: Porifera GRANT, 1836

Class: Hexactinellida SCHMIDT, 1870
Order: Reticulosa REID, 1958

Family: Protospongidae HINDE, 1887

GENUS Kiwetinokia WALCOTT, 1920

Kiwetinokia sp.
Figures 3, 4, 5

The genus Kiwetinokia is characterized here by the
presence of spicules where two or more spicules are

Early Cambrian sponge spides from MéxicoM.A.S. MCMENAMIN

365Geolog ica  Acta ,  6(4) ,  363-367 (2008)
DOI:  10.1344/105.000000263

Probable stauractine spicule
from the base of Unit 3, Puerto Blanco
Formation, Cerro Rajón. Note trilobite
‘shephard’s hook’ below spicule. Sample
9 of 3/23/90; IGM 7450b.

FIGURE 2

Kiwetinokia sp. Several twisted and fused spicules are visible.
The specimen has been phosphatized, the phosphate probably replacing cal-
cium carbonate. Lower Unit 3, Puerto Blanco Formation, Cerro Clemente,
Sonora, sample 1 of 12/15/82, IGM 3614.

FIGURE 3



twisted around each other. A single spicule was recovered
by acid maceration from Unit 3 of the Puerto Blanco Fm
in the Cerro Clemente, and shows the rope-like twisting
characteristic for the genus (Rigby, 1983). The Y-shaped
prodiaene spicule seen in a thin section in Fig. 5 may
belong to this genus as well, as spicules of this shape are
a distinctive part of the Kiwetinokia assemblage (Walcott,
1920; Beresi, 2003). Beresi and Rigby (1994) assigned a
Y-shaped prodiaene from the Lower Cambrian La Laja
Fm, Chica de Zonda Range, of the Argentine Pre-
cordillera to Kiwetinokia utahensis?, but the spicule
assemblage of which it was a part did not include twisted,
rope-like spicules (Beresi and Rigby, 1994).

The twisting and fusion of three to four spicules seen
in Figs. 3 and 4 is reminiscent of the twisted bundles of
spicules in Kiwetinokia spiralis WALCOTT. However, in the
Mexican specimen the twisting is much less regular. Fur-
thermore, the twisted spicules are seen adhering to a
large, curved tusk-shaped spicule that shows evidence
itself of fusion of twisted spicules at its tapered end. This
latter observation is in accord with the fusion of twisted
spicules (Walcott, 1920) as seen in the Middle Cambrian
sponge Kiwetinokia utahensis. One might argue that the
control of biomineralization in the Early Cambrian Mexi-
can species was less morphologically regularized than in
subsequent species of the genus. Furthermore, it seems
plausible that all Kiwetinokia spicules with multiple rays
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?Kiwetinokia sp. Y-shaped calcareous spicule in petrographic thin section. Lower Unit 3, Puerto Blanco Formation, Cerro Clemente, Sono-
ra, sample 1 of 12/15/82. IGM 7450a.
FIGURE 5

Kiwetinokia sp. Enlargement of the twisted spicule cluster
seen in Figure 3. Lower Unit 3, Puerto Blanco Formation, Cerro
Clemente, Sonora, sample 1 of 12/15/82, IGM 3614.

FIGURE 4



may be thought of as geometrically regular clusters of
fused spicules; see in particular the Y-shaped spicule in
plate 89, fig. 1b and 1d of Walcott (1920), where spicules
of Kiwetinokia utahensis appear to be built up by fusion
of monaxial spicules.

This specimen of Kiwetinokia is from the lower
Nevadella Zone, and is thus likely to be the oldest known
representative of this genus, if we assume as seems rea-
sonable that it is slightly older than the sponges occurring
stratigraphically downward from trilobites of the Plagiu-
ra-Poliella zone in the Soldano Member of the La Laja
Fm of the Argentine Precordillera (Beresi, 2003). 

Stauractines

Figure 2

A single stauractine spicule has been seen in a lime-
stone thin section from the base of Unit 3 of the Puerto
Blanco Fm in the Cerro Rajón, Sonora. Similar spicules
are known from several different orders of sponges (Bere-
si, 2003).

CONCLUDING REMARKS

Kiwetinokia sp. from the Cerro Clemente shows char-
acteristics considered here to be primitive, such as the ten-
dency for irregular spicular twisting and fusion. This Early
Cambrian sponge may therefore represent a stem group
taxon. Kiwetinokia sp. provides evidence that geometrically
complex spicules in Cambrian sponges evolved by the
fusion of simpler spicule types. More information is need-
ed about the morphology of these sponges in order to fully
assess their importance for our understanding of early
poriferan evolution. These Mexican sponges evidently
lived in a close ecological association with reef-forming
archaeocyaths, and are thus among the first North Ameri-
can sponges known to have lived in reef habitats.

ACKNOWLEDGMENTS

I gratefully acknowledge J.H. Stewart, S.M. Awramik, W.K.
Gross, D.L. Kidder, D.L. Schulte McMenamin, P.G. Weaver,
M.R. Carson, J. Roldan, S. M. Rowland, J. Manuel-Ramirez,
and M. Rice for assistance with this project.

REFERENCES

Beresi, M.S., 2003. Cambrian sponge spicules and chancelloriid
sclerites from the Argentine Precordillera: A review. Geo-
logica Acta, 1(1), 73-84.

Beresi, M.S., Rigby, J.K., 1994. Sponges and chancelloriids
from the Cambrian of western Argentina. Journal of Paleon-
tology, 68(2), 208-217.

Botting, J.P., Butterfield, N.H., 2005. Reconstructing early
sponge relationships by using the Burgess Shale fossil Eiffe-
lia globosa Walcott. Proceedings of the National Academy
of Sciences, United States of America, 102(5), 1554-1559.

Debrenne, F., Gandin, A., Rowland, S.M., 1989. Lower Cambri-
an bioconstructions in northwestern México (Sonora).
Depositional setting, paleoecology and systematics of
Archaeocyaths. Geobios, 22(2), 137-195.

Hampton, G.L., 1979. Stratigraphy and archaeocyathans of
Lower Cambrian strata of Old Douglas Mountain, Stevens
County, Washington. Brigham Young University Geology
Studies, 26(2), 27-49.

McMenamin, M.A.S. (ed.), 2001. Paleontology Sonora:
Lipalian and Cambrian. South Hadley, Massachusetts,
Meanma Press, 192 pp.

McMenamin, M.A.S., 1996. Ediacaran biota from Sonora, Méx-
ico. Proceedings of the National Academy of Sciences,
United States of America, 93, 4990-4993.

McMenamin, M.A.S., Pittenger, S.L., Carson, M.R., Larrabee,
E.M., 1994. Upper Precambrian-Cambrian faunal sequence,
Sonora, México and Lower Cambrian Fossils from New Jer-
sey, United States. In: Landing, E. (ed.). Festschrift honor-
ing Donald W. Fisher. New York State Museum Bulletin,
481, 213-227.

Onken, B.R., Signor, P.W., 1988. Lower Cambrian stratigraphic
paleontology of the southwestern Great Basin (White-Inyo
Mountains of eastern California and Esmeralda County,
Nevada). Bulletin of the Southern California Paleontological
Society, 20(1-2), 131-150.

Rigby, J.K., 1983. Sponges of the Middle Cambrian Marjum
Limestone from the House Range and Drum Mountains of
western Millard County, Utah. Journal of Paleontology,
57(2), 240-270.

Sour-Tovar, F., Hagadorn, J.W., Huitrón-Rubio, T., 2007. Edi-
acaran and Cambrian index fossils from Sonora, México.
Palaeontology, 50(1), 169-175.

Stewart, J.H., McMenamin, M.A.S., Morales-Ramirez, J.M.,
1984. Upper Proterozoic and Cambrian Rocks in the Cabor-
ca Region, Sonora, México-Physical Stratigraphy, Bios-
tratigraphy, Paleocurrent Studies and Regional Relations. U.
S. Geological Survey Professional Paper, 1309, 1-36.

Stewart, J.H., Poole, F.G., 2002. Inventory of Neoproterozoic
and Paleozoic strata in Sonora, México. U. S. Geological
Survey Open-File Report 02-97, 1-43.

Walcott, C.D., 1920. Middle Cambrian Spongiae. Smithsonian
Miscellaneous Collections, 67, 261-364.

Early Cambrian sponge spides from MéxicoM.A.S. MCMENAMIN

367Geolog ica  Acta ,  6(4) ,  363-367 (2008)
DOI:  10.1344/105.000000263

Manuscript received July 2007;
revision accepted April 2008;
published Online August 2008.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


